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COMMUNICATIONS 


EFFECT OF INCREASED OXYGEN ON THE 
DEVELOPMENT OF THE 
RETINAL VESSELS* 


AN EXPERIMENTAL STUDY 
BY 
I. C. MICHAELSON, N. HERZ, E. LEWKOWITZ, AND D. KERTESZ 


THERE is convincing clinical evidence that retrolental fibroplasia is the result 
of a disturbance of the oxygen conditions to which an infant is normally 
exposed. Direct experimental evidence of this was supplied by Ashton and 
others (1953), the anatomical studies of Michaelson (1948) and the physio- 
logical studies of Campbell (1951) having previously suggested the significance 
of the role of oxygen in the development of the retinal vessels. Ashton and 
his co-workers found occlusion of the retinal blood vessels in new-born 
kittens who were exposed to hyperoxic conditions. When the animals were 
returned to normal atmospheric or hypo-oxic conditions there was a subse- 
quent disturbance of vessel growth and also new vessel ingrowth into the 
vitreous body. The following work had been planned in order to test the 
effect of hyperoxia on the developing vessels of the mouse retina. This animal 
was chosen because the development of the retinal vessels is confined almost 
_ completely to the period between the first and eleventh day of life, and because ~ 
the mode of retinal vessel-development and the definitive vessel pattern are - 
very similar to‘those occurring in the human retina. A description of the 
normal development of the retinal vessels in the mouse followed by a descrip- 
tion of their development after the animal had been for some time in an 
incubator at high oxygen concentrations. 


Material and Methods 


Development under Normal Conditions.—In order to investigate the normal 
development of the retinal vessels five litters of new-born mice were taken. Beginning 
on the first day of life and thereafter at intervals until about the 14th day, an animal 
from each litter was killed. In each case an injected preparation of the retinal 
vessel system was obtained by injecting the left ventricle with about 0.5 ml. Indian 
ink and thereafter carefully removing the retina from each enucleated eye. The 
retina was then mounted on a microscopic slide and the vascularization examined 
and measured by aid of a microscope. During the preparation care was taken to 
brush away—although not always with success—as much as possible of the hyaloid 
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system of vessels which otherwise would tend to obscure the view of the underlying 
retinal vessels. In instances where the retinal vessel development was slight, it was 
useful, however, to be able to take the degree of injection of the hyaloid system as 
a criterion of a satisfactory injection. 

Development under Experimental Conditions.—For this purpose several litters of 
mice were placed in a bacteriological incubator sealed hermetically and connected 
to a similarly sealed drum of 200 1. capacity. The air in both containers was replaced 
by an air-oyxgen mixture of the desired oxygen content. A circulation pump 
continually transferred air from the drum to the incubator, while a hose connection 
allowed the surplus gas in the incubator to flow back into'the drum. The volume 
of air put at the disposal. of the mice in the incubator was thus enough to obviate 
fluctuations in O, concentration caused by the consumption of oxygen between 
the adjustments made by adding pure oxygen twice a day. The fluctuations 
encountered in O, concentration were never higher than 3 vol. per cent. Oxygen 
concentrations were determined with the van Slyke manometric apparatus, using 
sodium anthraquinone betasulphonate and hydrosulphite. Moisture was reduced 
and CO, absorbed by CaCl, and soda-lime placed in the incubator. During hot 
days the incubator was cooled ‘by ice-water in order to keep the animals 
comfortable. 


Experiment 1.—Four mother mice with their litters were placed in the incubator 
for 7 days. For Litter A the oxygen concentration was 40 per cent., for Litters B 
and C 50 per cent., and for Litter D 50-70 per cent. Thereafter the animals were 
killed and the nature and extent of the retinal vessel system examined in the manner 
described above. 

Experiment 2.—Litters F, G, and H were kept also in the incubator for 7 days 
and thereafter the retinal vessel system was examined and measured. This is de- 
scribed as a separate experiment from Experiment 1 because all the.members of 
these litters were found to be much below weight at the end of the experiment. 

Experiment 3.—Litter E was placed in the incubator for 2 days to a 50 per cent. | 
concentration of oxygen, and the retinal vessel system was thereafter examined in 
the manner described above. 

Experiment 4:—Litters I and J were kept in the incubator under hyperoxic con- 
ditions for 7 days and thereafter the animals were kept alive for periods varying 
between 7 and 28 days in ordinary atmospheric conditions. After each animal 
was killed the retinal vessels were injected and examined as above. 


Results 

Development under Normal Conditions.—The development begins on the 
first day of life when small capillaries can be seen passing over the edge of the 
disc (Fig. 1). The capillary net continues to grow peripherally in all directions 
and on about the 11th or 12th day the vessels have reached their definitive 
position close to the ora serrata and about 2 mm. from the disc (Figs 1-6). 
The capillary net around the disc remains. more sparse than in the periphery 
until the completion of the development (Fig. 3). This is in keeping with the 
mode of development in the retina of the cat, Fig. 7 (Michaelson, 1953). 
On the 5th day it is possible to identify arteries from veins, the former having 
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Fic. 1.—Injected retina of 1-day-old mouse. Fic. 2.—Injected retina of 2-day-old mouse. 
r The retinal vessels can be seen passing over The retinal vessels have progressed 0-6 mm. 
the edge of the disc. The hyaloid system of beyond the disc margin. The retina has been 
vessels, dissected from the region of the disc, cut in places to permit a flat preparation. 
S can be seen at some distance from it. (x57). (x 57). 
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Fic. 3.—Injected retina of 4-day-old mouse. Fic. 4.—Injected retina of 4-day-old mouse. 

The retinal vessels have progressed 1-1 mm. The preparation is that from which Fig. 3 

beyond the disc margin. (x57). was taken; the lower magnification gives a - 
general view of the retina. (X25). 








Fic. 5.—Injected retina of 6-day-old mouse. Fi. 6.—Injected retina of 11-day-old mouse. 
The retinal vessels have progressed 1-9 mm, — The retinal vessels have progressed 2-5 mm. 
beyond the disc margin. (X25). beyond the disc margin. (X25). 

a zone free of capillaries in their immediate neighbourhood. This is well 
seen in Fig. 8 taken on the 6th day. On that day the commencement of the 
deep capillary net can be seen growing downwards into the retina from the 
superficial net. The margin of the vascular area is frequently well-defined 


FiG. 7.—Injected retina of 56-day-old embryo Fic. 8.—Injected retina of 6-day-old mouse. 
of cat, showing lower temporal vessel Portion of Fig. 5 showing capillary-free 
complex. Note sparsity of capillaries in zone round arteries. (X50). 
circumpapillary area. 
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Fic. 9.—Injected retina of mouse showing . Fic. 10.—Injected retina of 8-day-old mouse, 
peripheral vein limiting extent of vascular- showing primitive type of retinal capillaries, 
ization. (x 327). (x65). 
by a limiting vein (Fig. 9). During the process of development the peripheral 
capillaries tend to be of the primitive type; that is the mesh is smaller and the 
capillary broader than in the definitive type (Fig. 10). The hyaloid system of 
vessels is well marked at birth; it progressively atrophies during the first days 
of life, but is-often still present in parts of the retina on the 11th day. A 
striking feature is the consistency in type and extent of the normal capillary 
growth in all animals having normal weight. This was so striking that in 
the tests illustrating development under experimental conditions it was not 
considered necessary to control the results by placing parallel members from 
- each litter in ordinary air under the care of a foster mother. 

The rate of growth of the extent of the capillary bed is represented by a 
graph (Fig. 11, overleaf). Five litters were used, varying in size from four 
to seven members. 


Development under Experimental Conditions. 

Experiment 1 (Animals maintained in incubator from first day of life 
till injection on 8th day).—The findings are shown in Table I (overleaf). 
Details of fifteen eyes from nine animals were obtainable. The litters. were 
larger than suggested by this latter figure, but only those animals are included 
in which a completely satisfactory injection was obtained. Figs 12-14 (over- 
leaf) illustrate the appearance of these retinae. The following conclusions 
can be drawn: 

(a) The extent of the vessel outgrowth from the disc is not grossly affected 
by the change in oxygen concentration. 
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TABLE I 
No. of | Litter} O, Content | Condition and Extent of Vessel | Extent of Circum- 
animal inIncubator| Weight before Outgrowth* _ [papillary Area Free of 
(per cent.) Injection (g.) Capillaries* 
1 A 40 well, 3-5 1-7 0-6 
1°7 0-5 
2 B 50 well, 4-0 1:5 0-6 
1-5 0-6 
3 B 50 well, 4-0 1°5 0:9 
4 Cc 50 well, 3-5 1-5 0-8 
1:5 0-8 
5 Cc 50 well, 3-5 1-1 0:5 
6 re 50 well, 3-5 1-2 0-6 
7 D 50-70 well, 3-5 Hy 4 
8 P 50-70 underd., 2°5 no vessels seen 
SS 50-70 underd., 2-5 no vessels seen 
*In millimetres from disc margin. 
2-4- (6) The most 
prominent change 
22 appears to be a 
“. delay in the forma- 
F “i tion of the cap- 
ute illary bed situated 
5 round the disc. 
an (c) In under- 
° vs developed animals 
8 there is a complete 
124 ‘absence of capill- 
3 aries in the retina. 
a qj 
u FO (d) Concentra- 
Bee tions of oxygen of 
ne between 40 and 70 
2 o6- per cent. appear 
< to give fairly com- 
5 a parable results. 
02- Experiment 2 
(Animals main- 
° T ' ' tT t ' ' t ' i j i 
AOE RS RE oe es tained in incubator 


Fic. 11.—Rate of growth of normal retinal vascularization (distances 
measured from edge of optic disc). 


from first day of 
life till injection 
between 6th and 
8th day).—Table II (opposite) shows that this experiment confirms the fact 
that in underdeveloped animals there is a complete absence of capillaries 
in the retina (Fig. 15, overleaf). 
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TABLE II 
; 
No. of | Litter | O. Content in Incubator | Condition and Weight (g.) | Extent of Vessel 
Animal (per cent.) before Injection . Outgrowth 
10 F 50-70 underd., not weighed no vessels seen 
11 G 50-70 underd., not weighed no vessels seen 
12 H 40 underd., 1:6 no vessels seen 
13 H 40 underd., 2-1 no vessels seen 
14 H 40 underd., 2:6 no vessels seen 
15 H 40 underd., not weighed no vessels seen 
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Fic. 12,—Injected retina of 8-day-old mouse, 

maintained in incubator from the first day 
of life exposed to an oxygen concentration 
of 50 per cent. Extent of vessel outgrowth 

from disc is 1:9 mm.; extent of circum- 

ec area free from capillaries 0-8 mm. 
x 





Fic. 13.—Injected retina of 8-day-old 
mouse, maintained in incubator from the 
first day of life exposed to an oxygen 
concentration of 50 per cent. Extent of 
vessel outgrowth from disc 1.8 mm.; 
extent of circumpapillary area free from 
capillaries 0-9 mm. (X33}. 


Experiment 3.(Animals maintained in 50 per cent. oxygen until injection 
on 4th day of life)—Only four eyes from two animals gave satisfactory 
injections. In each eye the extent of the vessel outgrowth from disc to 
periphery was 0.9 mm. and the extent of the circumpapillary area free from 
capillaries measured from the disc margin was 0.4 mm. This experiment 
shows that the defect in the capillary net in the neighbourhood of the disc 
can be observed earlier than on the 7th day. It would appear to be an exag- 
geration of the normal delay in capillary development in this region rather than 
an occlusion of capillaries after their formation (Fig. 16, overleaf), 


_ Experiment 4 (New-born animals kept in hyperoxia for 7 days, and then 
in normal air until injected with Indian ink).—The normal capillary pattern 











‘ 


Fic. 14.—Injected retina of 
8-day-old mouse, main- 
tained in incubator from 
the first day of life exposed 
to an oxygen concentration 
of 50 per cent. Extent of 
vessel outgrowth from disc 
1°8 mm.; extent of circum- 
papillary area free from 
capillaries 0-9 mm. (x 40). 


is established within a few days of the return of the animal to normal atmos- 
pheric conditions (Table III). There is no disturbance of this pattern during 
at least the subsequent few weeks. Some capillary buds were found in the 
vitreous at one or two places but appeared to us to be remnants of the 


hyaloid system. 























TABLE III 
No. of Days in| O, Content | Condition before | Extent of Vessel Extent of 
Animal | Litter |} Normal |- in Incubator | Injection Outgrowth* Circumpapillary 
Air (per cent.) Area Free of 
Capillaries* 
18 I 7 50 well: 2:1 _ 
19 I 10 50 well 2-3 
. 2°8 — 
20 J 13 40 well 2-0 — 
2-0 — 
21 J 28 40 well 2:1 — 
2:0 a 
22 J 28 40 well 2:1 -- 
2:2 — 
3 1k 21 | (50-70 | well 2:0 — 
| 2-1 — 
~24 K eae 50-70 | well 2:0 _ 
af 2-0 —_ 








*In millimetres from disc margin. 


Discussion 


The description of the development of the retinal vessels is similar to that 
already reported (Michaelson, 1953). In the present report, however, atten- 
tion has been drawn to the delay in the growth of the capillaries in the circum- 


papillary area. 


The oxygen experiments described suggest that an increase of oxygen con- 
centration to as low as 40 per cent. inhibits to some extent the growth of 
retinal capillaries during the first few days of life. If the animal is healthy it 
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Fic. 15.—Injected retina of 5-day-old mouse, Fic. 16.—Injected retina of 4-day-old mouse, 

maintained in incubator from the first day maintained in incubator from the first day 

of life exposed to an oxygen concentration of life exposed to an oxygen concentration of 

of 50-70 per cent. The animal was under- 50 per cent. Extent of. vessel outgrowth 

developed. No retinal vessels present, injected from disc 0-2 mm., extent of circumpapillary 

oan seen are those of the hyaloid system. area free from capillaries 0.5 mm. (x57). 
x 33). 


does not greatly diminish the maximum outgrowth from the optic disc, but 
rather exaggerates in a gross manner the normal delay in the formation of 
capillaries in the retina around the disc. The process would appear to be one 
of inhibition rather than of occlusion, although probably this process may take — 
place as Ashton (1953) observed in the retina of the cat. The subsequent 
completion of the capillary net on returning the animal to air was not accom- 
panied by abnormality of the capillary net pattern or by capillary growth 
from the retina into the vitreous. 

The hyperoxic condition leads in the first place to gross diminution of the 
number of retinal capillaries, particularly in the posterior part of the retina. 
This may be the first stage of the pathogenesis of the condition known as 
retrolental fibroplasia. It may serve as an explanation for these cases of retro- 
lental fibroplasia in which clinically the fundus appearances consist chiefly 
of a milky opacity of the posterior portion of the fundus with subsequent pallor 
of the disc. The pallor is of the type seen in vascular occlusion. These cases 
frequently show no gross clinical evidence of neo-vascularization. 

Among animals of equal age, the degree of diminution of capillary growth 
in the retina was related to the degree of development of the animal, in that 
absence of retinal capillaries was found only in underdeveloped animals. 
This might mean that the retinae of underdeveloped animals are particularly 
sensitive to hyperoxia; or else that the retina and the rest of the body were 
comparably affected by hyperoxia. 
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Among the animals preserved for several weeks after incubation in ordinary 
air, success was not obtained in producing the pathological neo-vasculariz- 
ation which is a notable feature of retrolental fibroplasia. 

The capillary-free area in the neighbourhood of the disc in normal develop- 
ment and the exaggeration of it which is characteristic of animals placed in 
an increased concentration of oxygen are so striking as to arouse speculation. 
In this connection it is pertinent to recall that the need for retinal vessel growth 
appears to arise when the choroid becomes incapable of supplying the nutrit- 
ional need of all the retina. In practically all the vertebrates, therefore, we 
find a period during development when the choroid can supply all the nutritive 
requirements of the retina, whereas in the later definitive stage the choroid 
supplies only a certain portion of the retina. For example, in man, the choroid 
continues throughout life to supply nutrition to all portions of the retina 
which are within 140 wu of the chorio-capillaris (Michaelson, 1953). It is 
thus perhaps permissible to speculate that the delay in the circumpapillary 
development of the retinal capillaries noted above in the normal mouse 
retina may be due to the greater capacity of the circumpapillary choroid 
to nourish the retina as compared with that of the more outlying portions. 
The exaggeration of this delay seen in the hyperoxic mice may be due to the 
capacity of the choroid in the circumpapillary region to transmit the additional 
oxygen to its adjacent retina. 


Summary 

(1) A description is given of the normal development of the retinal blood 
vessels in the mouse. 

(2) A description is given of the development of these vessels after the 
animals had been for some time in an incubator in high concentrations of 
oxygen. 

(3) The following findings were noted in the retinae of animals exposed to 
high oxygen concentrations. 

(a) The extent of the vessel outgrowth from the disc is not grossly affected by 
the change in oxygen concentration. 

(b) The most prominent change appears to be a delay in the formation of the 
capillary bed situated round the disc. 

(c) In underdeveloped animals there is a complete absence of capillaries in 


the retina. 
(d) Concentrations of oxygen between 40 and 70 per cent. appear to give fairly 


comparable results. 
(e) The normal capillary pattern was established within a few days of the return 


of the animal to normal atmospheric conditions. 

(4) It is suggested that the gross diminution in the number of retinal capil- 
laries resulting from hyperoxic conditions may be the early stage of the 
pathology of retrolental fibroplasia, and may be an explanation of these 
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cases in which milky pallor of the fundus and optic atrophy are signs more 
outstanding than neovascularization. 


(5) Mention is made of the association of underdevelopment with the retinal 
vessel changes found in hyperoxia. 


(6) Speculation is made regarding the role of the choroid in the production 
‘of retinal vessel abnormalities due to hyperoxia. 


. Lng work;was supported by a grant from the National Council to Combat Blindness, New 
York. 
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EFFECT OF INCREASED OXYGEN CONCENTRATION 
ON NEW VESSEL GROWTH IN THE ADULT CORNEA* 


BY 


I. C. MICHAELSON, N. HERZ, AND D. KERTESZ 
Haifa, Israel 


IT would appear that changes in the concentration of oxygen in the blood 
contribute to the disturbance of development of retinal capillaries which 
manifests itself as retrolental fibroplasia. An association between oxygen 
concentration and retinal capillary growth was suggested in anatomical 
studies by Michaelson (1948) and in physiological studies by Campbell 
(1951). This associtaion has been further exemplified by experimental work 
with cats (Ashton, 1953) and with mice (Michaelson, 1954). 


_ The following experiment was carried out to determine if an increased concen- 
tration of oxygen in the blood has any effect on vessel budding in the adult eye. 
The tissue chosen was therabbit’s cornea, and the lesion was a standard thermal 
lesion which provided that it is near enough to it produces an area of new vessel 
growth from the limbus (Campbell and Michaelson, 1949). Animals in which 
such a thermal lesion was produced were placed for 6 days in an incubator having 
an oxygen concentration of 50 per cent. Thereafter the extent of vascularization 
was measured. Similar lesions were made in rabbits which were maintained for 
a similar length of time in ordinary atmospheric conditions. At the end of the 
period a comparison was made between the vascularizations found in the two groups 


of animals. 


Material and Methods 


Six adult rabbits were kept in a wooden box into which oxygen was introduced at a 
constant rate. The resulting oxygen concentration was checked twice a day and the adjust- 
ments made to keep the concentration at a constant 50 per cent. level. Once a day the 
animals were taken out of the box and both corneae were given a standard thermal 
lesion by means of an electro-cautery at a distance—so far as could be judged—of about 
2 mm. from the limbus in the 12 o’clock meridian. On the 7th day the animals were killed 
and Indian ink was injected into the carotid arteries. Each cornea was removed and moun- 
ted on a microscopic slide, and the extent of the wound and of vessel growth were measured 
with the aid of a low-power microscope. 

As a control measure a similar procedure was carried out in both eyes of four animals, 
except that these animals were not placed in an incubator. 


Results 


Incubated Animals.—The extent of vessel out-growth (height of growth) from the limbus 
is indicated in Table I. 





*Received for publication March 30, 1954. 
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RABBITS KEPT FOR 6 DAYS IN 50 PER CENT. OXYGEN, CAUTERIZED DAILY, 
SIZE OF WOUND BETWEEN 1.0 AND 1.2 MM. 























Rabbit No. Eye Distance of Wound from Height of Vessel Growth (mm.) 
Limbus (mm.) 
189 R 2.4 0.0 
L 2.2 0.3 
190 R 2.1 0.3 
L 2.2 0.3 
191 R 2.3 0.4 
L 2.2 0.6 
192 R 2.2 0.6 
L 2.0 0.5 
193 R 1.8 0.6 
L 1.8 0.8 
194 R 1.5 1.1 
L 1.5 1.0 

















It has been shown that, given a standard lesion, the extent of new vessel growth is 
greatly dependent on the distance of the wound from the limbus. In Rabbits 189-192 
this distance is between 2:0 and 2-4 mm.; in this group the average height of vessel growth 


is 0-4 mm. 


In Rabbits 193 and 194 the distance is between 1-5-1-8 mm.; in this group the average 
height of vessel growth is 0-9 mm. 
Animals not Incubated.—The extent of the vessel growth from the limbus in this group is 
indicated in Table II. 


TABLE II 


RABBITS KEPT IN AIR, CAUTERIZED DAILY FOR 6 DAYS, SIZE OF WOUND 


BETWEEN 1.0 AND 1.2 MM. 


























Rabbit No. Eye Distance of Wound from Height of Vessel Growth (mm.) 
Limbus (mm.) 
195 R 22 0.4 
L 1.9 0.6 
196 R 1.9 0.6 
L 2.2 0.3 
197 R 1.6 0.7 
L 1.6 0.7 
198 R 1.6 0.9 
L 1.6 0.9 








In Rabbits 195-196 the distance from wound to limbus was between 1:9 and 2-2 mm.; 
in these eyes the average height of vessel growth is 0-5 mm. In Rabbits 197-198 the distance 
is 1-6 mm.; in these eyes the average height of vessel growth is 0-8 mm. 

In comparing the extent of vascularization in the incubated and control animals, con- 
sideration must be given to the effect of variations in wound-limbal distance. It can then 
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be said that in the circumstances of the experiment, no effect on new vessel growth in the 
cornea of the definitive rabbit eye was obtained by increasing the percentage of oxygen 
inhaled up to 50 per cent. 


Summary 
(1) Of ten rabbits in which new vessel growth in both corneae had been 
produced by a standard lesion, six were kept in an incubator containing 


50 per cent. oxygen for 6 days, while four used as controls were kept in ordinary 
air. : 


(2) The extent of the vessel growth in the twelve eyes belonging to the in- 
cubated animals and the eight eyes of the control animals was measured and 
compared. 


(3) Increasing the concentration of oxygen in the air breathed to 50 per 
cent. did not affect the extent of new vessel growth in the adult cornea. 
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ALTERNATING HYPERPHORIA* 
BY 
R. A. CRONE 


From the Ophthalmological Clinic, University of Amsterdam 
(Director: Prof. A. Hagedoorn) 


THE original aim of this investigation was the classification of cases of hyper- 
tropia and hyperphoria. Much more frequently than we had expected, we 
found alternating hyperphoria, and almost all the cases of hypertropia which 
were not clearly of a paretic nature proved to be complicated by this pheno- 
menon. , 


When a large number of cases of hypertropia and hyperphoria had been 
examined, it became evident that a definite syndrome was present in the 
majority, alternating hyperphoria being the dominating feature. 

The material was provided by the patients of the Amsterdam Motility 
Clinic. Alternating hyperphoria proved to be so frequent that more than 
one hundred cases were noted in 18 months. 


Methods of Examination 


Most of the patients were examined several times. Special attention was paid 
to hereditary factors, to the time when squinting was first observed, and to nystagmus. 


The horizontal angle of squint and the degree of hypertropia were measured 


by the method of reflex images and a tangent-screen. Quantitative data concerning 
the vertical angle of squint seldom came within the scope of this study. 

The following directions of gaze were examined: 

(1) Primary direction of gaze, also with head tilted to the right and to the left. 
(2) Looking to the right and to the left. 
(3) Looking upwards and downwards. 

When possible we always examined with both the right and the left eye fixing. 
Examinations in diagonal directions of gaze were frequently carried out but 
produced no useful data. Examination of the position of the eyes by means of 
subjective methods was often unsuccessful because of the absence of diplopia 
either through suppression or through abnormal retinal correspondance. Never- 
theless examination by means of the Maddox rod yielded important results to 
which we shall return later on in this paper. Cyclophoria was determined by two 
Maddox rods (the vertical lines observed had to be placed by the patient perpen- 
dicularly upon each other), or by the synoptophore. 

Occlusion of the Eye-—As a rule one of the eyes was occluded by the examiner’s 
hand, while the non-occluded eye was directed to a spot-light. All the movements 


of both eyes were carefully examined (the occluded eye by studying it from the side 
behind the hand.) At first we examined the reactions to occlusion in the various 


directions of gaze, but they are not to be influenced to any appreciable degree, and 
*Received for publication February 25, 1954, 
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this examination was later omitted. Bielschowsky’s phenomenon,~in which the 
non-fixing eye deviates downwards when a dark glass is placed before the fixing 
eye, was looked for in every patient. 


The Syndrome 

All the patients showed the following anomalies to a greater or less degree: 

(1) Squint.—This squint dated from birth in 50 per cent. of the cases, and from 
the earliest years of childhood in the rest. A squint starting after the second year 
was rare. In 55 per cent. squinting was hereditary, according to the statement of 
the parents. Convergent squint was much more frequent than divergent squint. 

(2) Hypertropia in Lateral Directions of Gaze.—In the primary position there 
was hypertropia of the non-fixing eye or none at all. In the lateral directions of 
gaze there was almost always hypertropia. In most cases the non-fixing eye 
turned upwards in the position of adduction, in a few it turned up in the position of 
abduction. This hypertropia did not change when the gaze was raised or lowered. 

(3) Nystagmus.—This was pendular and rotatory. In unilateral severe amblyopia 
the amblyopic eye often showed monocular vertical nystagmus. If one of the eyes 
was covered the rotatory pendular nystagmus changed into jerk (latent) nystagmus, 
the rapid phase of which was directed to the side of the fixing eye. 
_ (4) Alternating Hyperphoria—When one-eye was covered it rotated upward 
with a slow movement. If a dark glass was placed in front of the fixing eye the 
other eye might deviate downwards to below the horizontal (Bielschowsky’s 
phenomenon). 

(5) Torsions.—There was excycloduction of the covered eye, and incycloduction 
of the fixing eye. 

(6) Torticollis towards the fixing eye-—In some cases the head was tilted on the 
sagittal axis towards the shoulder on the side of the fixing eye. 


Classification of Cases 
The 113 patients were divided into five groups (Figure): 

(1) Esotropia surso-adductoria (with hypertropia of the squinting eye in 
adduction). 

(2) Esotropia surso-abductoria (with hypertropia of the squinting eye in 
abduction). 

(3) Alternating hyperphoria without horizontal squint.* 

(4) Exotropia surso-abductoria. 

(5) Exotropia surso-adductoria. 


The patients fell into the following age groups: 
Age Group (yrs) No. of Patients 
0-5 19 
6-10 34 
11-20 34 
21-30 ; 17 
31-60 9 


*In all these cases horizontal squint had existed earlier on. 
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The Figure also shows the following facts: 


(1) Esotropia is generally surso-adductory but the preponderance of esotropia 
surso-adductoria diminishes with age. 

(2) Exotropia is almost always surso-abductory. 

(3) When the horizontal squint is entirely, or almost entirely, lacking there is 
as a rule no hypertropia in the lateral directions of gaze. 


STRABISMUS SURSO-ABOUCTORIUS Characteristic Cases of Alternating 


STRABISMUS SURSO-ADDUCTORIUS Hyperphoria 


BERD No HYPERTROPIA IN LATERAL DIRECTION OF GAZE Case 1, a girl aged 16, had had a squint 
since birth. In 1941 a tenotomy was 
performed of both internal recti with 
advancement of both external recti. 
Her visual acuity was 5/5 (+2D sph., 
+3/4D cyl.) in the right eye, and 5/10 
(+2D sph., +1D cyl.) in the left eye. 
The media and fundi were normal; 
there was no torticollis; rotatory nystag- 
mus was present. The rotatory oscilla- 
tions were slow and of small amplitude. 
There was still an esotropia of 5°. 
The right eye fixed habitually but the 
patient could quite easily fix with the 
left eye. On fixing with the right eye 
there was a slight hypertropia of the left 
eye. This hypertropia increased on 
looking to the right and disappeared on 
looking to the left. Looking up and 
down had no influence on the vertical 
deviation. When the head was tilted 
‘towards the right shoulder, the left eye 
assumed a slightly higher position, 
whereas on the contrary the vertical 
deviation decreased when the head was 
tilted towards the left shoulder,* 

With the left eye fixing, the position 
of the eyes in various directions of gaze 
behaved in a precisely symmetrical 
NO HORIZONTAL SQUINT manner. In the primary position the 

right eye was too high and this increased 

4 3 3 on looking to the left and decreased 

ee tae woes on looking to the right. The vertical 

ASSL ween mes «= deviation was now greater when the 

y II MI head was tilted towards the left shoulder 

AGE GROUP and decreased when the head was tilted 

Piacoa ice antes oe ‘ca hg fs towards the right shoulder. The exam- 

aad Guar cacemion y age group — ination with the Maddox rod did not 
succeed owing to suppression. 


Occlusion of the Right Eye.—The right eye turned up with a slow movement and under- 
went a slight excycloduction. The left eye showed a slight incycloduction. 


*This showed that we are not dealing with an ordinary case of paresis of a superior oblique muscle. 
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Occlusion of the Left Eye.—The left eye rotated upwards in the same way with excyclo- 
duction. The right eye showed incycloduction. A dark glass placed in front of the 
fixing eye partly caused the covering reactions to disappear. 

If, during fixation with the left eye, the covered right eye was left free, it sometimes 
remained elevated; it assumed its ordinary position again if a dark glass was for a moment 
placed in front of the left eye. If one eye was first covered and the hand was transferred to 
the other eye, the originally occluded eye was forced to turn down in order to take over 
the fixation; the now occluded eye also made this downward movement, and then, as 
described, it rotated upward. 


Synoptophore.—Suppression, no fusion; normal retinal correspondence. 


Not all the patients exhibited as many anomalies as Case 1, who belongs to the 
first group. 

In many patients with esotropia surso-adductoria the occlusion hypertropia 
was hardly visible. It is remarkable, that the alternating hyperphoria after an 
operation for the esotropia often became manifest. 


Case 2, a girl aged 9, had squinted from the 6th month. There was no squint in the 
family. In 1949 the angle of squint was 55°, with correcting glasses it was 45°. On the 
left eye an advancement of the external rectus and a tenotomy of the internal rectus were 
performed. 

Her visual acuity was 5/8. (+5D sph., +1D cyl.), in the right eye and 5/300 (+6D 
sph., +1D cyl.) in the left eye. The media and fundi were normal. There was torticollis 
towards the right shoulder. The left eye showed a vertical monocular pendular nystagmus. 
There was still an esotropia of 12°. In the primary position there was no hypertropia. 
Only on looking to the left and on tilting the head to the right shoulder did the left eye 
assume a higher position. At the same time it was noticeable that the horizontal angle 
of squint increased when the patient looked upwards and decreased when she looked 
downward (Urist, 1951). 


Occlusion.—When the right eye was covered it became slightly excycloducted; the left 
eye deviated downwards below the horizontal with incycloduction. 
When the left eye was covered it rotated upwards whilst the right eye showed incyclo- 


duction. 


_ This patient belongs to the second group with esotropia surso-abductoria. 
The left eye lacked the power of fixation, and did not take over the fixation when 
the right eye was covered. Instead of the right eye rotating upward, the left eye 
deviated downward. It is remarkable that nevertheless excycloduction of the 


right eye took place. 


Case 3, a girl aged 11, started to squint in her early childhood. An old case report 
stated: ‘‘ convergent squint, insufficiency of the right superior oblique muscle, alternating 
hyperphoria”’. Her visual acuity was 5/10 (—2D sph., —1D cyl., 7°) in the right eye, and 
5/15 (—3D sph., —1D cyl., 7°) in the left. 

The media and fundi were normal. There was no torticollis. There was a strong 
rotatory pendular nystagmus which when the eye was covered changed into horizontal 
jerky nystagmus. This was especially marked when the right eye was covered. The 
eyes remained straight in all ‘directions of gaze except when the adducted eye was 
covered by the bridge of the nose, and the typical covering reactions made their appear- 
ance. On testing with the Maddox rod there was an exophoria of 3°. The hyperphoria 
fluctuated: at first the red line was indicated on both eyes under the lamp (the Maddox 
rod then caused an occlusion hypertropia). After a few seconds the lamp and the red line 
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were seen at the same level in all directions of gaze. If the patient was asked to fix the 
red line with special attention, the red line then came above the lamp (Maddox rod before 
the right or left eye). 


Occlusion.—Covering the right eye caused upward rotation and excycloduction of this 
eye and, incycloduction of the left eye. Covering the left eye caused elevation and excyclo- 
duction of this eye and incycloduction of the right eye. The reactions on covering the 
eye were distinct and were found to be equal in all directions of gaze as well as on tilting 
the head towards the shoulders. The occlusion hypertropia did not noticeably decrease 
when the gaze was directed upwards, and the ratio between the vertical and rotatory com- 
ponent did not change according as the occluded eye was in the position of adduction or 
abduction.+ 

The covering reactions took place promptly, even if the patient was placed in a lighted 
room in front of the spot-light and the line between one of the eyes and the light was 
interrupted by a finger at a distance of 10 cm. in front of the eye. A strong convex lens 
(+20D sph.) placed in front of one of the eyes caused it to rotate upwards. If a prism of 
10D with base placed nasally was put in front of one eye, this eye deviated upwards. 
If at the same time the other eye was covered it remained elevated even after it had again 
been freed. 

Bielschowsky’s darkening phenomenon was however negative and the covering hyper- 
phoria appeared behind a screen brightly illuminated on the eye-side just as clearly as it 
did behind a dark screen. 

Synoptophore.—A horizontal fusional amplitude of +-6° to —5° was found. There was 
an enormous vertical fusional amplitude from +14° to —15°}. The fusion was however 
unstable, a moment later it could not be demonstrated owing to alternating suppression. 


This patient, who did not squint, undoubtedly had binocular vision, and showed 
no hypertropia in lateral directions of the gaze, conformed the most nearly to 
Bielschowsky’s classical description. Nevertheless in this case too there is no ques- 
tion of an “ essential ” alternating hyperphoria: there was in her previous medical 
history a convergent squint, with hypertropia of the adducted eye, which meant 
that she belonged to the first group. At the present time there is still a distinct 
defect of binocular vision, as appears from the examination with the synoptophore. 

Finally, the nystagmus, and the rotatory deviations on occlusion, are much too 
prominent to be omitted in the description of the complex of symptoms. 


Covering Reactions 
As a general rule the following reactions took place when one eye was 
covered : 
(1) Elevation and excycloduction of the covered eye. 
(2) Incycloduction of the fixing eye. 
(3) Nystagmus with rapid phase in the direction of the fixing eye. 

If the uncovered eye lacked the power of fixation, then the covered eye only 
carried out an excycloduction while the former eye rotated downwards 
with incycloduction (Case 2). 

The conditions producing covering reactions may be summarized thus : 


(1) Changing the illumination of the retina is a frequent cause; the phenome- 





“4It follows from this that, the movements of the eye on covering are not, as Verhoeff (1941) thought, the consequence 
of an innervational disturbance of the oblique muscles. 


+This large amplitude of vertical fusion has been described by Bielschowsky (1930). 
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non of Bielschowsky, in which the non-fixing eye'can be made to rotate down by 
putting a dark glass in front of the fixing eye, is a striking example of this. 

(2) It has long been known that one of the eyes can be made to turn up by 
placing in front of it a strong convex lens. This shows that the contours of the 
optical image play a part in the alternating hyperphoria, and that the reflex path 
therefore runs very probably along the visual cortex of the brain. 

(3) In cases with binocular vision, alternating hyperphoria can sometimes be 
produced by placing in front of the eye a strong prism, whereby diplopia or suppres- 
sion is caused. The non-fixing eye turns up, whichever eye the prism is placed in 
front of. This shows that, when the retinal images are of equal quality, the attention 
decides which eye turns up. 

(4) The degree of inhibition of the non-fixing eye influences the course of the 
covering reactions. If there is already total inhibition of the image of one of the 
eyes, covering can have no further influence on its motility. 


Case 3 may help to elucidate the problem, showing the influence of the 
contours when a strong convex lens is placed before the eye, and the influence 
of the attention when using a prism. That the Maddox rod caused a hyper- 
tropia of very short duration must be explained by the fact that the patient 
in this examination paid equal attention to the images of both eyes. The 
absence of the phenomenon of Bielschowsky must be interpreted as follows: 
as long as there is binocular vision, the eyes are straight; as soon as the 
binocular vision is interrupted, a total alternating suppression makes its 
appearance. Because in this special case inhibition is either absent or total, 


the hypertropia was not affected when a dark glass was placed in front of the 
fixing eye. 


Hypertropia — 
(1) StraBisMus SuRSO-ADDUCTORIUS.—It is extremely difficult to analyse 
the bilateral “‘ upshoot ” of the eyes in adduction. Nevertheless a few of our 
patients facilitated our approach to the problem. 


Case 4, a boy aged 9, had a squint dating from birth. There was no squinting in the 
family. In 1948 an advancement of the external rectus was performed on the left eye and 
a tenotomy of the internal rectus. His visual acuity was 5/5 (+4D sph.) in the right eye, 
and 5/8 (+5D sph.) in the left eye. The media and fundi were normal. There was torti- 
collis towards the right shoulder on fixing with the right eye; on fixing with the left eye 
the torticollis was much less pronounced or even absent. There was no rotatory nystagmus, 
on covering the right eye there was latent nystagmus. The rapid phase of the optokinetic 
nystagmus in the direction of the occluded eye was practically absent. 

There was esotropia with a preference for fixation with the right eye. The angle of 
squint was 10° with glasses and 15° without glasses. 

Position of the eyes with the right eye fixing; 

Primary direction of gaze 10° left hyperphoria 
Looking to the right 13° left hyperphoria 
Looking to the left 3° left hyperphoria 
Looking upwards 8° left hyperphoria 
Looking downwards 9° left hyperphoria 
Tilting head towards right shoulder 15° left hyperphoria 
Tilting head towards left shoulder 5° left hyperphoria 
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On fixing with the left eye there was no vertical deviation in any direction of gaze 
but, in a second examination, a constant right hypertropia of only 2 to 3° 


Occlusion.—Covering of each eye resulted in sursumduction with slight excycloduction. 


In this case the only possible diagnosis was hyperfunction of the left inferior 
oblique. The marked change of the hyperphoria in lateral directions of 
gaze and the small influence of vertical directions of gaze on the hypertropia is 
characteristic of a disturbance in the innervation of the oblique muscles. The 
increase of the hypertropia on tilting the head towards the right shoulder 
proves the presence of hyperfunction of the inferior oblique, and rules out a 
paresis of the left superior oblique muscle. 

It is an interesting fact that this hyperfunction only appears if the right eye 
is fixing. This is an important symptom as it shows that the hyperfunction 
is not based upon a relatively too powerful muscle, but upon a too powerful 
innervation. 

Patients like Case 4 are extremely rare, but in a less evident degree, one 
may often find that the “ upshoot ” is strongest in the habitually squinting 
eye. The disappearance of the strabismus surso-adductorius when the habit- 
ually squinting eye takes over the function of fixating, has been found by me 
in several patients. The influence of head tilting on hyperphoria, so important 
for the diagnosis of ‘‘ hyperfunction of the inferior oblique muscle ”’, is by 
no means rare. 

Case 5, a girl aged 6, had a squint dating from the third month. 

Her visual acuity was 5/10 (+2D sph.) in the right eye, and 5/60 (+-1D cyl., axis 0°) in 
the left eye. 

The media and fundi were normal. The head was tilted towards the right shoulder and 
made little nodding movements. There was strong rotatory pendular nystagmus and 
latent nystagmus. 

The position of the eyes revealed a left esotropia of 25°. There was on both sides strong 
hypertropia of the adducted eye. Tilting the head towards the shoulders and looking 
upwards and downwards (also in oblique directions of gaze) did not influence the hyper- 
tropia. The hypertropia in adduction was however somewhat less pronounced when the 
adducted eye was fixing, than (ceteris paribus) when the abducted eye was fixing. 

Occlusion.—Covering had little effect on the position of the eyes; only when a very dark 
glass was placed in front of the right eye did a slight downward rotation take place in the 
left eye. In March, 1951, a recession of both internal recti was performed. In October, 
1951, the following data were noted. 

There was no longer any horizontal squint. The head was still strongly tilted towards 
the shoulder. The hypertropia in adduction was very slight. The covering reactions were 
especially distinct, for on being covered the right eye turned upward with excycloduction, 
and there was incycloduction of the left eye, and horizontal jerky nystagmus to the left, 
with rotatory component to the left. When the left eye was covered the opposite reactions 
occurred symmetrically. 


We see in this patient the remarkable fact that the strabismus surso- 
adductorius disappeared after operation of the horizontal squint, and was 
replaced by alternating hyperphoria. It can hardly be more clearly demon- 
strated how close is the connection between alternating hyperphoria and 
hypertropia in lateral directions of gaze. 
























598 R. A. CRONE 


The survey of the 67 cases in Group I, alternating hyperphoria with strabismus 
surso-adductorius, leads to the following conclusions: 

(1) Compared with the change of the hyperphoria in horizontal direction, the 
change in vertical direction can be ignored. A slight increase in the hypertropia 
was noted in five cases when the gaze was turned upwards, and in six cases when 
it was turned downwards. 

(2) In 23 cases a hyperfunction of the inferior oblique muscle of the non-fixing eye 
was considered probable. In making this diagnosis special attention was paid to 
the influence of head tilting on this hypertropia. 

(3) In four cases a hypofunction of the superior oblique muscle appeared to be 
present, either in the fixing eye, or in the non-fixing eye. 

(4) In forty cases it was not possible to differentiate further the strabismus 
surso-adductorius. Here and there, however, an enlargement of the excursion of the 
eye upwards and nasally was found, so that a hyperfunction of the inferior oblique 
muscle is probable in these cases too, combined possibly with hypofunction of the 
superior oblique muscles. 


(II) STRABISMUS SURSO-ABDUCTORIUS.—In fifteen of the twenty-five cases in 
this group a more exact differentiation was not possible. In Case 2 (see p.000) 
and six other patients it was possible from the behaviour of the hypertropia 
when the head was tilted to diagnose a hyperfunction of the superior oblique 
muscle of the fixing eye. In three patients hypofunction of one of the two 
inferior oblique muscles appeared to be more probable. 


Nystagmus 

Rotatory pendular nystagmus is the most frequent symptom in alternating 
hyperphoria, followed by unilateral vertical nystagmus which is especially 
found in severely amblyopia eyes. Horizontal and bilateral vertical nystag- 
mus do not belong to the syndrome. Vertical see-saw nystagmus did not 
occur in the material here reviewed and is undoubtedly very rare. It is de- 
scribed by Matteucci (1947) in a case of alternating hyperphoria. 

When one of the eyes is covered latent nystagmus occurs. This is a hori- 
zontal jerk nystagmus of which the rapid phase is directed towards the side 
of the uncovered eye. Frequently there is a rotatory component of which the 
rapid phase is also directed to the side of the uncovered eye. The rapid phase 
is a refixation movement which therefore does not occur if the non-covered 
eye has no power of fixation. One then sees at times (i.e. in cases with eccen- 
tric fixation) a conjugated deviation towards the side of the covered eyeasan 
expression of the slow phase of the nystagmus (“latent deviation ’’). 

In cases of alternating hyperphoria with exotropia, latent nystagmus occurs 
less frequently than in cases with esotropia. In such patients what happens 
to the rotatory nystagmus after covering one of the eyes can be seen more 
clearly; it changes into a tonic rotatory deviation in the direction of the covered 
eye, or into a rotatory jerky nystagmus in the direction of the uncovered eye. 
The latent nystagmus in our patients forms part of the occlusion reactions, 
and a separate discussion of the conditions under which this nystagmus can 
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become manifest, may be omitted. Whether all cases of latent nystagmus are 
based on the same mechanism as in our patients, must be left undecided, 
but the following particulars are worthy of note: 

(1) In 113 cases of alternating hyperphoria, rotatory nystagmus was found 69 
times and latent nystagmus 81 times. 

(2) In seventy cases of rotatory nystagmus described by Ohm (1938), latent 
nystagmus was seen eighteen times, and alternating hyperphoria nineteen times. 

(3) In thirty cases of latent nystagmus reported by Verhage (1942), there were 
nine cases of alternating hyperphoria. 


Torticollis 


Torticollis was present in 26 of our 113 cases of alternating hyperphoria. 
All these patients had esotropia. In the great majority the head was tilted 
towards the shoulder on the side of the fixing eye. In view of the great 
frequency of the alternating hyperphoria, the form of torticollis which is 
described in connection with these patients is perhaps the most usual type. 
The usual explanation of ocular torticollis, i.e. that it aims at restoring 
binocular vision by relaxing a paretic muscle with the help of the vestibular 
reflex of compensatory torsion, is inadequate. 

In eleven patients squinting dated from birth and in the remainder squint- 
ing appeared at a very youthful age, frequently in the first months of life. 
The quest for binocular vision is quite excluded as a cause of torticollis in 
all these cases. Also, in cases of paresis of eye muscles, whereby diplopia is 
avoided by means of torticollis, hypertropia appears when the head is tilted 
towards the opposite shoulder. In our cases hypertropia rather decreased 
when the head was tilted towards the opposite shoulder (Meesmann, 1949). 
It seems that the torticollis in our cases was caused by a different mechanism 
from that due to paresis of the eye muscles. 

If we do not assume that the torticollis is a survival from a time when the 
patient had binocular vision, the only possibility remaining is that the 
torticollis is the consequence of a monocular deviation in the position of the 
eye, in fact of a deviation in the position of the fixing eye. As the torticollis, 
in by far the majority of cases, is directed towards the side of the fixing eye, 
we shall have to assume that it has the function of compensating incyclo- 
duction of the fixing eye. A more detailed research will have to be undertaken 
to verify this hypothesis. Especially will it be necessary to pay attention to 
cyclophoria and to the position of the subjective vertical. Our data, 
although scanty on this point, already give some indications; in 21 patients 
the cyclophoria was determined, and we found the cyclophoria negative in 
eleven, positive in two, and absent in the rest. The subjective vertical 
of the fixing eye was ascertained sixteen times with no deviation, nineteen 
times with an inward inclination of the vertical meridian, and only three 
times with an outward inclination. 

These data support our view of the incycloduction of the fixing eye. 
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- Discussi 

It thus appears that all the changes which can be brought about in the eye 
position by covering one of the eyes can be reduced to one-formula: “ sursum- 
duction and excycloduction of the covered eye, deorsumduction and incyclo- 
duction of the non-covered eye’. If we also take into account the slow phase 
of the latent nystagmus, the formula reads as follows: 


sursumduction deorsumduction 
Covered Eye; excycloduction Uncovered Eye } incycloduction 
abduction | adduction 


These movements have a coordinated character and have nothing in 
common with the isolated relaxation or contraction of one or several eye 
muscles. The direction of gaze has no influence on the trend of the movements 
and the rotatory component does not increase at the expense of the vertical 
component when the covered eye is abducted. A disturbance in the innerv- 
ation of the oblique muscles, such as Verhoeff (1941) assumed in his ingenious 
explanation of the alternating hyperphoria, is not involved. The movements 
must have a supranuclear origin. 

It is as if the eyes behaved in the case of alternating hyperphoria like the 
pans of a balance. Ohm (1938, 1949) has already spoken in this connection 
of an Augenwaage (eye-balance). The balance dips always towards the side 
where the weight of the optical stimuli is greater, either owing to their own 
peculiar quality or to the attention paid to them. 

Great importance is attached to the question whether the innervational dis- 
turbance of the alternating hyperphoria is a disturbance in the conjugated 
binocular innervation or in a—still mainly hypothetical—monocular innerv- 
ation. There is much that at first sight argues for a binocular conjugated 
innervational disturbance: the bilateral homonymous torsions, the bilateral 
nystagmus. If one assumes a disturbance in the conjugated innervation, then, 
on covering the right eye, the following reactions take place: 

Positive vertical divergence, dextrocycloversion, dextroversion. 

If, however, we keep in mind that covering reactions are the consequence 
of a disturbance of the Augenwaage (eye-balance), it is just as possible that 
when the right eye is covered there is simultaneously sursumduction, excyclo- 
duction, and abduction in the right eye, and deorsumduction, incycloduction, 
and adduction in the left eye. 

It is our task to find in the physiology and pathology of eye movements 
points of contact for both possibilities, those of a conjugated and those of a 
monocular innervational disturbance. 


(1) Ohm (1949), who after Bielschowsky (1930) has contributed most to the clinical 
study of alternating hyperphoria, assumed a connection between the alternating 
hyperphoria and the vertically disjunctive eye movements which, in animals with 
lateral position of the eyes, occur when the head is turned round the saggital axis. 

In man, however, disjunctive vertical eye movements are not known to proceed 
from vestibular reflexes, neither has an influence of optical stimuli on the compen- 
satory positions of the eye ever been described. 
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(2) The only neurological syndrome that displays any similarity to the altern- 
ating hyperphoria is the syndrome of Magendie-Hertwig, the “‘ skew deviation ”’. 
In patients with a disease in the posterior cranial fossa, sometimes a strong hyper- 
tropia occurs combined with horizontal deviation of the eyes towards the side of 
the eye that has turned upwards. The mechanism of this syndrome is not known. 
There is no question of any known connection between skew deviation and altern- 
ating hyperphoria; the similarity is in all probability quite fortuitous. 


(3) Bielschowsky (1930) pointed out the relationship between the vertical fusion 
movements and the eye movements in the case of alternating hyperphoria. Both 
eye movements are dependant on optical stimuli; both have the slow gliding 


‘character which distinguishes them from movements of gaze. The correspondence 


does not however go very much farther: the fusion on movement is made in the 
service of binocular vision and the alternating hyperphoria appears to exist where 
binocular vision is not present. Bielschowsky thought that the optical stimuli 
of the right eye in the case of alternating hyperphoria caused a stimulation in the 
centre for positive vertical divergence and stimuli of the left eye in the centre for 
negative divergence. Nothing is known of either the existence of these centres 
or of the manner in which optical stimuli could influence them. 


(4) Some investigators have attempted to explain alternating hypetphoria by an 
innervational disturbance in the monocular eye movements. Generally in such a 
case a connection is sought with the Bell’s phenomenon (Posner, 1944; Piper, 1948), 
but it seems that Bell’s phenomenon is invariably bilateral. 


The existence of monocular eye movements is not generally accepted. 
For most writers Hering’s law of innervation has such absolute validity 


that they pay too little attention to such contradictory facts as the following: 


(a) The observation of monocular eye movements in newborn babies by Raehl- 
mann and Witkowsky (1877) was later confirmed by many investigators. Bing 
Chung Ling (1942) analysed the eye movements of newborn infants by a cinemato- 
graphical method, and showed that the first step in fixation is frequently monocular. 


(b) Keiner (1951) has described monocular optomotor reactions in young 
patients with esotropia. He often saw an adduction movement of the squinting 
eye when he let light fall on the temporal half of the retina. When the light fell 
on the nasal half a corresponding monocular abduction movement was practically 
never seen. He concluded that convergent squint was caused by a disturbance in 
monocular optomotor reflexes, whereby the temporal half of the retina dominates 
the nasal half. 


(c) There exist forms of monocular nsytagmus which are very probably based 
on a unilaterally diminished optomotor innervation. This is evident in the case of 
monocular nystagmus amblyopicus. 

I observed a case of monocular horizontal nystagmus with spasmus nutans in 
which when the non-affected eye was occluded for some weeks the nystagmus 
was transferred from the eye originally affected to the covered eye. It is scarcely 
possible to find a clearer proof of the relation between the monocular sensory 
and motor mechanism. 


(d) In the lower vertebrates monocular eye movements are widespread. The 
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monocular searching movements of the chameleon are the best known, but to a 
smaller degree monocular optomotor movements are to be found in other reptiles 
and in birds. Generally monocular and conjugated motility occur alongside each 
other in the same animal species (Bartels, 1939; Rochon-Duvigneaud, 1933). 


It appears that exceptions to Hering’s law are not rare and that mono- 
cular optomotor eye movements are seen when binocular vision is little 
developed. We are inclined to look upon the monocular eye movement as a 
primitive reflex which, through the development of binocular vision, has gradu- 
ally retired to the background. This point of view is formulated in detail 
by Zeeman (1943) in his theory of the role of conditioned reflexes in eye: 
movement. This theory differs from that of Chavasse, owing to the place 
which is given to the monocular optomotor reflexes. 

These considerations indicate that there may be a disturbance of the 
monocular optomotor reflexes in alternating hyperphoria. This is very prob- 
able in view of the extreme frequency of disturbances of binocular vision in 
alternating hyperphoria. We only need then to assume that optical stimul- 
ation of one eye in alternating hyperphoria causes an asymmetric increase 
in tonus of the eye muscles, which results in deorsumduction, cycloduction, 
and adduction. Under the influence of fixation the deorsumduction will, as 
a rule, be compensated by a sursumversion. Owing to this the non-fixing 
covered eye turns up. The adduction (except in cases of eccentric fixation) 
is compensated by an opposed lateroversion (rapid phase of the latent 
nystagmus). The rotatory deviation is sometimes compensated by the rapid 
rotatory phase of latent nystagmus. 

The preponderance of the stimuli to deorsumduction and incycloduction 
leads to hyperfunction of the superior oblique muscles as these take care of 
‘both the deorsumduction and the incycloduction. Bilateral hyperfunction 
of the superior oblique muscle, stronger on the side of the fixing eye, leads to 
strabismus surso-adductorius, the form of squinting which is seen in a number 
of the convergent and in practically all of the divergent cases of alternating 
hyperphoria. 

The strabismus surso-adductorius occurring in the majority of convergent 
cases of alternating hyperphoria is more difficult to explain (Crone, 1952). 
The inhibition of the non-fixing eye may have some part in this, for the upward 
rotation in adduction often occurs only when the line of vision of the adducted 
eye disappears behind the nose bridge and the other eye takes over the fixation. 
Also strabismus surso-adductorius after operation (whereby owing to the 
change of position the inhibition mechanism is temporarily interrupted) can 
change into alternating hyperphoria without hypertropia in adduction*. 
The smaller number of cases of strabismus surso-adductorius in the older 
age groups could be explained by diminution of the inhibition which in the 
course of years makes way for other forms of sensory adaptation. 





*The opposite process is described by Piper (1948) as “‘ consolidation ” of the alternating hyperphoria to strabismus 
surso-adductorius. 
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The asymmetric motor influence of the light stimuli on both eyes causes a 
bilateral impulse to adduction. We see in this the cause of the esotropia 
in the majority of our cases. It is possible that in the cases of exotropia 
another disturbance in the optomotor reflexes is present, whereby optical 
stimulation results in deorsumduction, incycloduction, and abduction, but it 
is also possible that the ordinary type of optomotor disturbance is super- 
imposed on exotropia. This last is supported by the fact that the latent 
nystagmus is never reversed in cases with exotropia (rapid phase in the direc- 
tion of the covered eye), but is more frequently lacking than in cases of altern- 
ating hyperphoria with esotropia. 

The theory of alternating hyperphoria sketched out above is actually an 
extension of the theory of esotropia advanced by Keiner (1951), who con- 
sidered the motor prepondency of the temporal half of the retina as one of the 
causes of esotropia: The motor impulses from the nasal half of the retina 
thereby suffer a shortage. 

Our cases are to be explained by the hypothesis that the motor impulses 
from the lower nasal quadrant of the retina are deficient. The adduction and 
deorsumduction under the influence of optical stimuli directly follow from 
this. Little known, but in fair correspondence with our observations, is the 
fact that from this lower nasal quadrant stimuli issue also to excycloduction. 
This is shown by the experiments of Mesker (1953), who studied the optomotor 
eye torsion which occurs on rotating optical contours in the frontal plane 
Also, the observation that cyclovergence occurs as a fusion movement 
mainly under the influence of vertical contours, proves that on stimulation 
of the lower nasal quadrant the motor impulses to excycloduction are 
stronger than those to incycloduction. 

That the lower nasal quadrant of the retina is deficient in the field of mo- 
tility may indicate the relative unimportance of optical stimuli from above 
and from the side compared with those from the front and from below. 
It is not to be wondered at then if the asymmetry of the optomotor reflexes, 
which is most clearly evident in alternating hyperphoria, is widely spread 
in a latent form. This appears from the hypertropia and divergence shown 
by many blind eyes. The results of Marlow’s well-known “ prolonged 
occlusion test” also support this idea. In this test, which was originally 
intended to make latent heterophoria manifest, a hypertropia of the covered 
eye very frequently occurs, no matter whether the right or the left eye is 
covered (Abraham, 1931). Also without prolonged occlusion one frequently 
finds a hyperphoria which has a different degree according as one places 
the Maddox rod in front of the one or the other eye. When no paresis is 
present this phenomenon must be explained by a dissociated element in the 
hyperphoria. 

The aim of this study is to contribute to the problem of squint. The theories 
and hypotheses advanced raise questions which cannot yet be answered. 
It is desirable that more attention should be paid to monocular eye movements 
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and that assumptions regarding them should be tested by accurate experi- 
ments. An extensive field of research lies open in this direction. 


The investigation received the stimulating assistance of Prof. A Hagedoorn, and many case 
reports were discussed with Dr. C. Otto Roelofs whose knowledge of the problems of motility 
was of great value. ‘ 
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ELECTROMYOGRAPHIC STUDIES ON THE 
COORDINATION OF ANTAGONISTIC MUSCLES 
IN CASES OF ABDUCENS AND FACIAL PALSY* 


BY 


AKE BJORK 


From the Department of Clinical Neurophysiology, Serafimerlasarettet, Stockholm 


From earlier electromyographic investigations of the human eye muscles 
(Bjork and Kugelberg, 1953b), we know that the internal and external recti 
muscles manifest a pronounced activity on direct forward gaze. During 
slow lateral movements of the eyeball, a gradual increase in this activity takes 
place in the agonist and a corresponding decrease in the antagonist, but even 
in extreme positions of the gaze the activity in the antagonist does not usually 
disappear entirely. In rapid movements, on the other hand, there occurs a 
brief acceleration of activity in the agonist and complete inhibition. in the 
antagonist. The levator palpebrae superioris muscle also shows intense 
activity with the gaze forward. Lowering of the lid is accompanied by a 
gradual diminution of the activity which only disappears entirely when the 
eye has reached the position of extreme downward gaze. Blinking causes an 
abrupt inhibition of all activity in the levator with a simultaneous contraction 
of the orbicularis oculi. 

The object of the present paper is further to illustrate, with the aid of electro- 
myography, the coordination of antagonistic muscles acting upon the human 
eye and eyelids by an analysis of cases in which movement is grossly disturbed. 
Thus cases have been studied of total abducens palsy and total facial palsy, 
and, furthermore, of non-paretic cases in which the action of the muscles was 
artificially opposed by traction on the eyeball. 

These investigations are closely related to Sherrington’s classical studies on 
the posture and movements of the eye of the monkey after the intracranial 
section of nerves. Sherrington considered the cooperation between the eye 
muscles to be a typical example of reciprocal innervation of the kind which he 
had demonstrated in the limbs. 


Material and Methods 


Experiments were performed on six patients with total abducens palsy, on ten with total 
facial palsy (the duration of which had in no case been more than one month at the time 
of the first examination) and on five “ normal” persons. The latter had intra-ocular 
tumour or absolute glaucoma necessitating removal of the eye. The positions and 
movements of the eyes were normal and there was no definite deviation on covering one 
eye. 





*Received for publication March 29, 1954. 
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The investigations were carried out with the subject lying down. Different points of 
fixation were indicated by directing a flashlight at the arc of a perimeter set up on the ceiling 
with the zero point 2 metres vertically above the eye. To keep the head immobile a specially 
constructed support resting against the outer edges of the orbits was used in some of the 
tests. The position of the head was kept under continual observation by an assistant. 
At intervals the electrical activity was recorded during fixation of the zero point in order 
to check that no change in activity had taken place through alteration of the position 
of the head or of the needle electrode. 

The paretic muscles were explored with the needle electrode on numerous occasions to 
confirm that the palsy was really total. The majority of cases were also followed after 
the return of voluntary activity. When recording from the levator, the upper eyelid was 
either everted over a Desmarres’s hook or left in the normal position. In several cases 
both methods were applied without any observed difference in activity. At the same time 
the activity was studied in the orbicularis oculi muscle of the sound side, using a needle 
electrode passing through the skin of the upper or the lower eyelid. In the cases showing 
normal movements of the eyes a bridle suture of silk thread was sewn to the attachment 
of the tendon of the internal or external rectus muscle. By this means the eye could be 
held in position by the examiner or drawn in different directions. The activity in one of 
the muscles was recorded at the same time. 

The technique of recording the electrical activity has been described in earlier reports 
(Bjork and Kugelberg, 1953a). 


Results 


Activity in the Internal Rectus Muscle with Total Palsy of the External Rectus.— 
An electromyographic examination was made of the internal rectus both on turning 
the gaze from extreme right to extreme left, and on fixating a series of points on 
the arc of a perimeter at 10° intervals between the two positions. There was close 
agreement between the results obtained with the six persons tested. The following 
case will serve as an example. 


Fig. 1 (opposite) shows a patient with a total right abducens palsy. With the gaze 
directed to the left the visual axes were roughly parallel, but as the patient looked more 
towards the front the right eye lagged, so that it was 20° behind when the left eye was 
central. After this the right eye scarcely moved at all, and when the left eye looked 50°to 
the right the right eye had not reached the midline but was directed about 10° inward. 

An electromyographic recording from the internal rectus during this movement showed a 
progressively decreasing activity. The portion of the electromyogram shown in Fig. 2A 
(overleaf) corresponds to the second half of the movement when the gaze of the left eye 
shifted from straight ahead (as in Fig. 1B) to the far right (Fig. 1C). The record clearly 
shows the diminution in activity until only one unit was responding; finally this disappeared 
also. This total elimination of activity only occurred when an effort was made to look to 
the extreme outward position. On return of the eyes to the starting point all phases of the 
process were repeated in reverse. 

Records were also taken while the sound eye fixed points within the same range. On 
forward gaze, activity in the internal rectus of the paretic eye is considerable (Fig. 2B), but 
it diminishes distinctly when the sound eye fixes a point 10° to the right (Fig. 2C). At 20° 
to the right a further reduction is observed (Fig. 2D), and at 30° only a few potentials 
remain (Fig. 2E). At 40° a single potential remains, and this decreases in frequency and 
finally disappears on further effort to look towards the right (Fig. 2F). 


In the two series just described, the activity in the internal rectus of the paretic 
eye changed from the considerable activity observed with the sound eye looking 
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Fic. 1.—Female, aged 52 years, right total abducens palsy. No obvious defect 
on gaze far to left.(A). On gaze straight ahead, the right eye is turned 20° inward (B). 
On gaze far to right the right eye is directed 5° to 10° inward (C). 


straight ahead to complete elimination of activity when the sound eye is directed 
to the extreme right, and this despite the fact that the concurrent movement of the 
paretic eye is at the most 15°, which fails even to carry it to the midline. These 
changes occur in essentially the same way as in a normal eye (Bjork and Kugelberg, 
1953b). Thus total paresis of the external rectus with its consequent limitation of 
movement had no evident influence on the activity of the sound muscle. 

In some cases records were made during ocular movements between the two 
extreme positions, the sound eye being kept entirely covered and the cornea of the 
paretic eye being covered by a small moist compress. The same characteristic 
features were observed as before, showing that the factor determining activity during 
these movements cannot be the act of fixation. 
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Fic. 2.—Same case as Fig. 1, record from internal rectus muscle on same side as 
abducens palsy. Progressively decreasing activity to complete cessation (A) is seen 
on movement of the gaze from straight ahead (Fig. 1B) to extreme right (Fig. 1C). 

On gazing straight ahead intense activity is seen (B); on fixation 10° to right 
the activity is distinctly less (C); at 20° a further reduction in the number of action 
potentials is seen (D); at 30° only a few potentials remain (E); at 40° a single potential 
is observed, which decreases in frequency and finally disappears on gazing to the 
extreme right (F). 

Rapid movements have also been examined. Activity was recorded during opto- 
kinetic nystagmus produced by looking, with the sound eye, at a rotating 
drum with vertical white and black stripes. In healthy subjects the records showed 
during the rapid phase a sudden increase of activity in the muscles producing this 
movement, together with a rapid onset of total inhibition in those acting in the 
opposite direction (Bjérk, 1954b). This is largely in agreement with the 
results demonstrated in animals with experimental nystagmus produced by 
vestibular stimulation (Perez Cirera, 1932; Pulfrich, 1952; and other authors). 
Fig. 3 shows records made of the internal rectus muscle when the rapid 
phase was in the external direction. The record shows periods of slowly increasing 
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Fic. 3.—Record from internal rectus muscle in a case of total abducens palsy. Opto- 
kinetic nystagmus with rapid phase in the direction of paretic muscle. Repeated 
episodes of slowly increasing activity, abruptly interrupted by total inhibition. 
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activity separated by the characteristic inhibitions, which thus occur in the internal 
rectus, despite the fact that the sudden contractions which normally take place in 
the external rectus are entirely absent. 


An investigation on animals by McIntyre (1939) shows a similar result after 
severing the third, fourth, and sixth nerves on both sides: 

Labyrinthine stimulation still produced in the central stump of the sixth nerve motor impulses 
characteristic of normal nystagmus. 

An interesting comparison was obtained in a case of severe oculomotor palsy, in 
which the electrical activity of the healthy external rectus also behaved as if its 
opposing muscle was ‘contracting normally. 


Activity in the Levator Palpebrae Superioris Muscle in Total Facial Palsy.— 
Electromyograms were taken during movement of the gaze from far upwards to 
far downwards and vice versa, and during fixation of points between these positions. 
While the gaze was moving downwards, a continuously decreasing electrical 
activity was observed in the levator palpebrae, generally ending in a total cessation 
of activity with the extreme downward gaze. In the orbicularis muscle on the sound 
side, which was tested simultaneously, only a few isolated action potentials, or none 
at all, were seen during this movement. A corresponding decrease in activity was 
found on fixation of different points during a similar movement. An example is 
seen in Fig. 4 (overleaf), from a case of total left-sided facial palsy. With a 
directly forward gaze (Fig. 4A) there is vigorous activity; the following three 
records (Fig. 4B—-D) show that the number of action potentials diminishes with 
fixation at 10°, 20°, and 30° downwards. With 40° downward gaze only one poten- 
tial remains, and this decreases in frequency on further lowering of the gaze 
(Fig. 4E). The activity did not disappear completely until the gaze was in the extreme 
downward direction. Again, no distinct activity is seen in the lower record from 
the orbicularis muscle on the sound: side. 

It is well known that in facial palsy the upper eyelid follows the eye downwards in 
a fairly normal manner when the patient lowers his gaze (Gowers, 1897). This is 
not surprising in view of the electromyographical evidence that in normal cases the 
orbicularis muscle takes little part in this movement (Gordon, 1951; Bjérk and 
Kugelberg, 1953b). Absence of the power of contraction in the orbicularis cannot 
therefore be expected to be accompanied by marked consequences. 

On the other hand, strong voluntary closing of the eye is accompanied by a high 
degree of electrical activity in the orbicularis. In normal cases an abrupt and gener- 
ally total inhibition of the activity in thé levator occurs simultaneously with very 
intense contraction of the orbicularis muscle. 

Fig. 5 is an example of a strong and quite prolonged contraction recorded from 
a case of total facial palsy. The upper record shows the activity in the levator pal- 
pebrae muscle on the paretic side. There was, of course, no activity in the orbicu- 
laris on the paretic side, and records were therefore taken from this muscle in the 
upper eyelid on the sound side. A strong inhibition of the activity in the levator 
palpebrae muscle took place despite the total facial palsy and the evident failure 
of the patient to close the eye. A long series of somewhat shorter contractions 
were recorded from a similar case (Fig. 6). Records were taken from the two muscles 
in the same way as in the preceding cases. The abrupt and total inhibitions in the 
levator palpebrae (upper curve) corresponding to bursts of activity in the sound 
orbicularis (lower curve) are well shown in the electromyogram. 
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paretic side (upper curves) and orbicularis oculi of the sound side (lower curves) 
in a case of total facial palsy. On gaze straight ahead (A) there is intense activity in 
the levator; on gaze 10° downward the activity is less (B); at 20° it has decreased 
still more (C); at 30° several action potentials are still observed (D), but at 40° only 


one remains (E), which decreases in frequency and then disappears on continued 
lowering of the gaze. In the sound orbicularis muscle no activity is seen in any 


position of the gaze. 

In the majority of cases Bell’s phenomenon was observed, i.e. a movement, usually 
upwards, of the.¢yeball on attempting to close the eye. Fig. 7 shows simultaneous 
recordings from the rectus superior muscle on the paretic side (upper curve) and from 
the orbicularis oculi on the sound side (lower curve). The patient was requested 
to “‘ screw up” the eyes several times. It is seen that during vigorous activity in 
the healthy orbicularis an appreciable increase in activity takes place in the rectus 
superior on the affected side. This increase in activity starts later but continues 
much longer than that in the orbicularis muscle. 

Activity in the Muscles with the Eyeball held or moved by Bridle Suture.—-The 
patient first gazed straight ahead and then moved. the gaze in the direction of the 
captive eye. During this movement the captive eye was held central and a record 
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Fic. 5.—Simultaneous recording from levator muscle of paretic side (upper curve) 
and orbicularis muscle of sound side (lower curve) in a case of total facial palsy. 
On strong effort to close the eyes, intense activity takes place in the sound orbicularis 
muscle, corresponding to an almost complete inhibition of activity in the levator 
muscle of the parefic side. 


Fic. 6.—Simultaneous recording from same muscles as in Fig. 5 from a case of total 
facial palsy. As the patient performed a number of brief contractions, episodes of 
intense activity were observed in the sound orbicularis muscle, and corresponding 
total inhibitions of activity in the levator of the paretic side. 


Fic. 7.—Simultaneous recording from superior rectus muscle of paretic side (upper 
curve) and orbicularis of sound side in a case of facial palsy with total paralysis of 
the orbicularis. Every time the patient attempts to close the eyes, a burst of activity 
is seen in the orbicularis of the sound side. Periods of increased activity, starting 
= but lasting longer than that in the orbicularis, are seen in the opposite superior 
rectus, 


was taken from its internal rectus. Activity decreased progressively and disappeared 
totally or almost totally when the free eye had reached the end of its travel. The 
Same test was made with the eye released and making its full normal movement. 
The activity of the internal rectus muscle was, as far as could be judged, identical 
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in each case. Records were also made during fixation of different points within the 
same range. Again no distinct difference was observed, whether the eye was 
captive or free. Modifications were made in two cases by recording the activity 
from the external rectus muscle and fixing the bridle to the attachment of the in- 
ternal rectus. The results were in complete agreement with those already described. 

Even when the eye was forced by means of the bridle into positions quite contrary 
to those it would have adopted under the action of the muscles attached to it, the 
pattern of electrical activity in the muscles (internal and external recti) was apparently 
quite unaffected. This was true both when the eye was held still and when it was 
actually being moved by the bridle. 

With the bridle in the attachment of the internal rectus loose, and the needle 
electrode in the same muscle, records made during optokinetic nystagmus revealed 


the usual characteristic inhibitions. ‘The attempt was then made to imitate the rapid 
phase by making small pulls at the bridle. No distinct inhibitions were produced. 
Thus all tests have shown that the activity exhibited under normal conditions by the 
muscles of the experimental eye does not appear to be affected by artificial disturb- 
ance of the position and movements of the eye. 

In the experiments just referred to the free eye was fixating the whole time, but 
the act of fixating is of no decisive importance. The investigation of the rapid and 
slow passive movements, and the experiment involving the holding of one eye while 
the other moved, were repeated with the free eye covered and the experimental eye 
either blind, or with its cornea covered. The inability to fixate produced no sig- 
nificant change in the results. 

Discussion 

Sherrington coined the term “ reciprocal innervation ”, by which he meant 
that, when one of a pair of antagonistic muscles contracted the other relaxed. 
Some of Sherrington’s experiments are closely allied to those here described. 
After sectioning the left abducens nerve in the monkey and stimulating the 
appropriate part, of the cortex giving conjugate movement to the left, the right 
eye moved normally to the left from its central position. The left eye at rest 
was directed slightly inwards, and also moved to the left, during stimulation, 
* but never overshot the primary median plane”. Observations were also 
made of voluntary movements, during which the left eye “‘ frequently rotated 
from the inner canthus outward conjugately with the right eye, but never 
passed beyond the primary (median, straight-forward) position ” (Sherrington, 
1893). Similar experiments were made by section of the third and fourth 
nerves on the left side. Stimulation of the cortex when both eyes were directed 
to the left produced a movement to the right in which the left eye also partici- 
pated to some extent. Since the latter eye only had one active muscle (the 
external rectus), the movement of the left eye must, according to Sherrington 
(1893), have been due to a relaxation of this muscle. 

Tilney and Pike (1925) criticized Sherrington’s studies of reciprocal innerv- 
ation, and declared, as regards the experiments on the ocular muscles, that 
Sherrington’s observations were not in agreement with clinical experience in 
certain cases of palsy. Adler (1929, 1930), on the contrary, in an account of 
cases of palsy of the ocular muscles, demonstrated a close agreement between 
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the clinical picture and the expectations from Sherrington’s theory. He 
described a case of total bilateral paralysis of the third and fourth nerves as 
follows: 


On extreme abduction to the right, not only did the right eye turn out, innervated by the 


right’ external rectus, but the left eye turned in slightly toward the midline. On looking 
to the left, the left eye could be voluntarily abducted and the right eye followed inward 


slightly toward the midline. 

Adler concluded from this that the inward movement of each eye must 
have been due to relaxation of the external rectus muscle, which is in agree- 
ment with Sherrington’s observations. 

In the present electromyographic studies, there were six selected cases of 
total abducens palsy, corresponding to the conditions in Sherrington’s 
first-mentioned experiment. It is, of course, important to establish that the 
paresis in the external rectus is really total, and thanks to electromyography 
this can be done (Bjérk, 1954a). It may be objected that in these cases the 
internal rectus is not entirely deprived of antagonistic muscles, since the oblique 
muscles, too, have a partial function in moving the eyeball outward. This 
action must, however, be of little consequence within the range of movement 
described in the cases recorded here, in which the eye in its outward movement 
did not even reach the primary position. In total abducens palsy, the eyeball 
is able to move in the direction of the paretic muscle roughly as far as the mid- 
line, as is apparent from the present and earlier investigations (Bjork, 1954a). 
This movement is most easily explained as a relaxation of the sound antagonist 
in agreement with Sherrington’s postulation from his animal experiments. 
The present investigation has shown that relaxation does in fact take place, 
and that during lateral movements of the gaze the electromyogram from the 
internal rectus of the paretic eye is the same as might be expected from the 
external rectus of the sound eye. In recording from the external rectus in 
a case of severe oculomotor palsy, the results were also in agreement. 

It may be mentioned in passing that the deviation assumed by an eye in 
concomitant strabismus starting in infancy cannot be compared with any of 
the deviations mentioned here, as will be described in electromyographic 
investigations to be published later. The squinting eye seems to be in 
muscular equilibrium when directed approximately straightforward whichever 
eye is fixing. In the squinting position, roughly the same conditions of 
activity are found as might be expected if a non-squinting eye assumed the 
same position. 

Sherrington has furthermore examined the coordination between the muscles 
opening and closing the eyes. The facial nerve was divided on the left side: 


As the right eye blinked, the upper lid of the left eye quickly dropped three to four 
millimetres. 


This movement of the upper eyelid was assumed by Sherrington to be due 


- to the inhibition of*the tonus of the left levator palpebrae superioris muscle: 


This brings the coordination of the reaction into line with that which I have described 
for other movements under the term reciprocal innervation (Sherrington, 1898). 
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Sherrington’s observation is in good accord with clinical experience. 
Gowers (1879), in his classical work on movements of the eyelids, states 
that, if the orbicularis is paralysed and an attempt is made to close the eyes, 
the upper lid falls. 

The fact that the upper eyelid, even in total facial palsy, closely follows the 
movements of the eyeball during movement of the gaze downwards, was also 
noticed by Gowers. He gave the reasons as a relaxation of the levator 
muscle, the weight of the lid and its cohesion to the eyeball. Relaxation of 
the levator has been demonstrated here and must be of importance, but may 
not be wholly responsible for lowering the lid. According to Sewall (1933) 
the weight of the lid is not important, for the movement of the lid is the same 
whether the patient stands on his head or his feet." This is also in agreement 
with the results of experiments by Walsh (1947). 

In attempts to close the eye in facial palsy, the pronounced and abrupt 
inhibition of the activity in the levator palpebrae muscle that has been demon- 
strated here is, of course, of functional importance for the contraction taking 
place rapidly and with the least resistance. It appears as though a similar 
mechanism is active in respect of the lower lid as well. The rapid increase 
of activity in the rectus superior demonstrated in conjunction with Bell’s 
phenomenon would appear to be matched by decreased activity represented 
by relaxation in the rectus inferior, as was also shown in normal cases (Bjork 
and Kugelberg, 1953b). This in its turn is attended by a decrease in the 
‘tension on the lower fornix and a greater ease in raising the lower lid, thus 
again reducing resistance to the closing of the eye. 

In the above investigations, in cases of ocular palsy in which the patient 
fixed with the sound eye or carried out movements of the gaze, the electro- 
myographic pattern from the unaffected muscles of the paretic eye was the 
same as would have been expected had the eye been able to assume normal 
positions and carry out normal movements. In experiments on eyes with 
normal motility, in which one eye is artificially compelled to assume different 
postures and perform different movements, the activity in the muscles does 
not appear to be affected by these passive extensions or shortenings. All 
experiments reveal that central control is predominant. The activity is 
determined solely by the direction in which the subject intends: to turn his 
gaze, a conclusion perhaps foreshadowed by Hering’s celebrated Gesetz der 
motorischen Korrespondenz der Augenbewegungen (Hering, 1868). 


Summary 
To illustrate the coordination between antagonistic muscles acting upon 
the eyeball and eyelid, a study was made of the electrical activity in the muscles 
of six patients with total abducens palsy, and ten with total facial palsy, and 
of five persons with normal eye movements. The eye was moved artificially in 
the latter cases by means of a bridle suture sewn to the attachment of the 
muscle. 
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(1) Abducens Palsy.—In different positions of fixation with the sound eye 
and during movement of the gaze, the electrical activity in the internal rectus 
which is normally antagonist to the paretic muscle, showed a picture which 
would have been expected had the eye been able to assume normal positions 
and carry out normal movements. Activity successively decreased on move- 
ment of the gaze in the direction of the paretic muscle, and it disappeared 
entirely, or almost entirely, only when the non-paretic eye was turned 
strongly in that direction. The paretic eye had then not even reached the 
midline. These changes in activity are not bound to the act of fixation, for 
they are also observed when both eyes are incapable of fixation. 

The inhibitions of activity characteristic of the rapid phase of nystagmus 
also occur despite the total palsy of the muscle normally producing the 
movement. 


(2) Facial Palsy.—The activity in the levator palpebrae muscle followed 
the pattern seen in healthy subjects. On lowering the gaze the activity 
successively decreased, becoming entirely extinguished on extreme downward 
gaze. The lowering of the eyelid which takes place in spite of total palsy of 
the orbicularis muscle is thus caused, at least partly, by this inhibition. 

On strong effort to close the eyes a rapid and generally total inhibition 
was observed as in healthy subjects. 


(3) Compulsory Movement of Eye with Normal Motility—No distinct 
change of activity in the internal or external recti muscle was caused by 
forcing the eye to perform movements or to assume various positions in 
relation to the other eye by means of a bridle suture. The activity corre- 
sponded to the subject’s voluntary intentions as disclosed by the position of 
the non-captive eye. 


The author is grateful to Dr. P. A. Merton for his valuable assistance with the manuscript. 
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MODIFICATION IN INTRA-OCULAR ACRYLIC 
LENS SURGERY* | 


_ BY 
T. G. WYNNE PARRY 
Bangor 


HAVING read Mr. Harold Ridley’s article on “‘ Further Experiences of Intra- 
ocular Acrylic Lens Surgery ”’ (Ridley, 1954), one cannot but feel on reflection 
that this great advance in cataract surgery is bound, in time, to become an 
accepted procedure within the capabilities of any ophthalmic surgeon. Any 
modification of it, therefore, which would tend to make it simpler or safer, 
should perhaps help toward this end, and it is with this object that I am temp- 
ted to present one case where the original form of operation was departed 
from in order to secure certain advantages. 

It appeared firstly that the insertion of an intra-ocular acrylic lens would 
be easier if a complete iridectomy were performed, thus avoiding the manipul- 
ation of the lens through a round pupil, and, secondly, that an intracapsular 
extraction would be preferable if the, dangers of prolapse into the vitreous at 
operation, or later, could be done away with. 

In regard to this second point, Ridley mentions that intracapsular operation: 
has been given up owing to this danger of prolpase of the acrylic lens into 
the vitreous. It would, I feel, be a matter for regret if, after having over the 
last 10 to 15 years perfected the technique of intracapsular extraction, we had 
to revert to the extracapsular method in order to take advantage of the great 
advance he has introduced. 

To try to meet the two problems described, I fell back on previous experi- 


ments with tantalum drains in glaucoma. My experience with these over some 
years had shown the exceptional 


TANTALUM . tolerance of the eye towards this 

ey metal and I thought it might be 

A A, worth while to make use of this. 
At my request Messrs. John Weiss 

¥ supplied me with a modified form 


of the acrylic lens as shown in 

Fig. 1.- Two small triangular 

pieces were cut from the rim of 

ae the lens (A and A,), and the 
Fio1-Modifedacylc Fio.2-—Side view of portion of the lens between thes 
in situ. wire. two areas was drilled through from 
side to side (B). A fine tantalum 
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wire, diameter -015 in., was then threaded through the drill hole (this was 
quite a loose fit), and the ends were bent up as shown. In addition, the 
two wires were also bent backwards as shown in Fig. 2. 

With regard to the operation itself: a fairly wide conjunctival flap was cut 
and dissected to the limbus and a mattress corneoscleral suture inserted.. With 
keratome and scissors a section was made as far back as possible. Following 
a complete iridectomy and an intracapsular extraction, the acrylic lens was 
inserted. The handling of the two fine wires was rather difficult, but they 
were finally smoothed down on the sclera and secured under the corneo- 
scleral suture when that was tied. The wires were cut as short as was consist- 
ent with safety and the conjunctival flap sutured down over them (Fig. 3). 
It was hoped that, in section, the lens and wires would assume the position 
shown in Fig. 4. 


TANTALUM WIRE TANTALUM WIRE 
SUBCONJUNCTIVAL SUBCONJUNCTIVAL 









CONJUNCTIVA TANTALUM 
. WIRE 
CORNEOSCLERAL SUTURE ore SCLERA 
yo 
CORNEA LENS 
Fic. 3.—Lens in position in the Fic. 4.—Lens in Position in the 
eye, front view. eye, side view. 


There was the usual reaction and, in spite of cortisone, etc., the pupil 
became occluded, but the reaction finally settled down and the eye became 
quiet—at least, intra-ocularly. Externally, there was some trouble with the 
ends of the wires which would persist in turning up through the conjunctiva 
and causing marked irritation. The ends had to be snipped off twice before 
the whole eye settled well with the wire firmly sealed in the healed wound. 

An iridotomy was carried out later. 

The patient was a man of 79 and when he was eventually supplied with 
lenses, vision reached 6/6 partly and J.1. An interesting feature was that he 
needed a —=*,,; to give him 6/6 partly, whereas the correction with this 


eye in 1952 was —,7) aS aoe 


There is probably some way in which a single wire might be used instead 
of having two ends to deal with and this would be simpler to handle. There 
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are also probably better methods of attachment, etc. However, in this par- 
ticular case the acrylic lens is fulfilling its function as far as onecan see and 
seems safely fixed in place against prolapse into the anterior chamber or into 
the vitreous. 

I am fully aware that the operation described is somewhat more complicated 
and “messy” than the straightforward insertion of the lens, but it is 
published in the hope that it may perhaps open up an avenue for the further 
advance of this latest development in cataract extraction. 
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SJOGREN’S. SYNDROME TREATED WITH ACTH* 


BY 


K. J. GURLING, R. S. BRUCE-PEARSON, anp M. H. POND 
From King’s College Hospital and Medical School, London 


IN this paper we report observations on the treatment with ACTH of six 
female patients suffering from Sjégren’s syndrome. Each case was investig- 
ated on two occasions, an initial period of observation preceding the second. 
admission for treatment. Five of the six patients underwent parotid biopsy, 
typical histological changes being seen in all. The methods used to assess. 
improvement during therapy are described below. 


Methods of Investigation 

(1) Schirmer’s Test.—Impairment of lacrimation with consequent dryness of the con- 
junctival sac may be estimated by inserting a strip of Whatman No. 41 filter paper, 5 mm. 
wide, over the lower lid into the conjunctival fornix. Normal subjects moisten from 10 to 
20 mm./5 min. whereas those with kerato-conjunctivitis sicca give readings often as low 
as 1 or 2 mm. (Schirmer, 1903; de R6tth, 1941). 

Schirmer’s test was carried out at frequent intervals before, during, and after therapy. 
The results are summarized in Table I. 


TABLE I 
EFFECT OF ACTH ON LACRIMATION 

































































Ocular Symptoms Duration Schirmer’s Test (average mm.) 
Case | Age Total of 
No. | (yrs) | Duration! Severity | ACTH! Treatment Before During After 
(yrs) (0 to (g.) (days) ACTH ACTH ACTH 
++++)|* : 
ts S2t-8 bey bio] Mesof 42 4:5 3-5 
2,9 | 4 | +++ ee ia , 40 4-7 
3 | 36 | 2 +44 wa.. 5+7 6-0 6-0 
4 54 1 ++ 2-4 35 6:2 3-0 3-7 
5 58 0:5 | + 1 16 10-0 10-0 10-0 
pat aor ae Pe 6-0 4-2 3-5 
Mean and Standard Deviation ; 597426 | 48425 | 49442-7 
Statistical significance: 


Columns 1! and 2 (before and during ACTH) n=63; t=1.7059; P=0.05 
Columns 2 and 3 (during and after ACTH) n=63; 1=0,0976; P= >0.9 
The decrease in lacrimation during treatment is just significant (P=0. 05), but the experimental error renders such 


a degree of significance doubtful. 
(2) Slit-Lamp Examination.—In Sjogren’s syndrome 1 per cent. Bengal rose eyedrops 
stain the exposed or palpebral conjunctiva a bright red, two coloured triangles spreading 
from the limbus: 
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The instillation of fluorescein at the same time enables slit-lamp demonstration of the 
characteristic filamentary keratitis, showing minute strands of eroded epithelium to which 
mucus and leucocytes adhere. The cornea also appears pitted and has small foci of 
degeneration in its deeper layers. 

(3) Pilocarpine Salivation Test.—All saliva was collected in a dish for 30 min. after the 
injection of 11mg. pilocarpine nitrate subcutaneously. The normal range lies between 
30 and 75 ml. of watery saliva, most of which is secreted by the parotid glands. According 
to Stones (1951) the maximum salivary flow may be as high as 190 ml..per hour. In cases 
with advanced parotid atrophy there is little response to pilocarpine and only a few 
millilitres of viscid mucus are obtained, the exact measurement of which is difficult 
because of froth. 

(4) Ketosteroid Studies.—A preliminary investigation carried out by one of us (M.H.P.) 
assessed the total neutral 17-ketosteroids in the urine of ten female patients with Sjégren’s 
syndrome. Im three the quantitative composition of the steroids was measured by separa- 
tion into eight main fractions by adsorption chromatography (Pond, 1951). The changes 
in 17-ketosteroid excretion after ACTH therapy was studied in three of the present series 
of patients. 

(5) Clinical Observation.—Since all but one of our patients had been admitted previously 
and had subsequently attended the Clinic on many occasions, the natural history of the 
disease was already known. Subjective changes were noted and at the same time alterations 
in the size of the parotid swellings and changes in the joints and range of movement were 


recorded (Table II). 
From previous experience it was realised that subjective improvement 


might occur with symptomatic treatment alone. 


Case Histories, 

Case 1, Married female, aged 52 years.—Her eyes became sore and gritty 3 years before 
admission and she had no tears when she cried. Later that year her mouth felt dry, and 
she had superficial buccal ulcers and shortly afterwards recurrent parotid swellings. She 
also had rheumatic pains in the joints without swelling or limitation of movement, and 
nasal and vaginal irritation for a few months. When admitted the parotid glands were 
slightly swollen, the mouth was dry, and the tongue red. Slit-lamp examination of the 
eyes showed a well-developed filamentary keratitis and both lacrimation and salivation 
were much impaired. The sialogram showed widespread terminal duct dilatation. Total 
17-ketosteroids 2°0 mg./24 hrs. 

Treatment with { g. ACTH (Table II) at first reduced the ocular discomfort, but no 


significant degree of improvement resulted in any but the arthritic symptoms. 


Case 2, married female, aged 59 years.—She developed a painless swelling of the left 
parotid gland accompanied by dryness of the mouth 5 years before admission, and at the 
same time noticed arthralgia in many joints without signs of frank arthritis. One year later 
the eyes began to irritate, she could not cry normally and there was a perpetual sticky 
discharge on the lids. She also had a recurrent purpuric skin rash and adrycough. Exam- 
ination revealed bilateral parotid gland enlargement, greatest on the left side, and a 
sialogram showed terminal duct dilatation. The mouth was dry and the tongue furred. 

Thick ropy mucus was present on the cornea and conjunctiva, and slit-lamp examination 
showed a definite filamentary keratitis. There was no obvious arthritis. Total urinary 
17-ketosteroids 2°6 mg./24 hrs. 

A course of | g. ACTH relieved the eye symptoms but failed to increase lacrimation or 


salivation. 


Case 3, married female, aged 36 years.—Rheumatoid arthritis, the initial disability, had 


developed 13 years before admission, 7 years later there was reactivity, and at the time of 







































TABLE II 
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EFFECT OF ACTH ON PAROTID GLAND FUNCTION AND SWELLING 
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Xerostomia Salivation after Pilocarpine (ml.) and 
Parotid Swelling (0 to ++++) 
Case | Duration | Severity Parotid Biopsy 
(yrs.) (0 to Before During pier 


ACTH 








ACTH 








Left. Many areas of | 10 
heavy lymphocytic 
infiltration with nor- 
mal intervening 


parenchyma 





+] 98] +] 8-2] +4 





3-5 


4-5 


Left. Areas of gran- 
ulation tissue heavily 
infiltrated by lympho- 
cytes; normal paren- 
chyma present 





++] 5-0] +4 ee Ae 


























Left. Some normal 
areas; in others dense 
lymphocytic __ infil- 
tration with almost 
complete absence of 
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oh | Not done 





+ | Left. Infiltrated: with 


lymphocytes, plasma 
cells, and fat, with 


normal 
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acini 





see Right. Parenchyma 


much reduced, with 
many areas of dense 
lymphocytic infil- 
tration 
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++] 48) +] 75] +4 





Mean and Standard Deviation . 


| } 


9-29+7-3 8°57+8-0 | 9-52+45-8 





s, 6. 





Columns 1 and 2 (before and during ACTH) n=32; t=0.2739; P=0.8 
Columns 2 and 3 3 (during and after ACTH) n=32; t=0. 3958; P=0.6 


There is no significan! in response during or after treatment. 


admission she had widespread advanced joint deformities. Recurrent parotid swellings 
had first begun 6 ‘years previously and for the past 2 years there had been permanent 


bilateral parotid enlargement most pronounced on the 


left side. Xerostomia was also 


troublesome. At the same time she also noticed a pricking sensation in the eyesaccom- 
panied by inflammation of the lids. Examination showed that the mouth was dry and the 


tongue red and sore. There was much ropy mucus in the eyes. and slit-lamp examination 


confirmed the presence of typical’ kerato-conjunctivitis sicca. A sialogram showed 


reduction in the number of peripheral branch ducts. 


A course of 1 g. ACTH followed by 3°6 g, cortisone appreciably reduced the size of the 
parotid glands and improved the arthritis, though the latter returned with increased 


severity after cessation of treatment. 
Case 4, married female, aged 54 years. Rheumatoid 


years ago and she still had pain and swelling of the finger and wrist joints together with 


arthritis had first developed 30 
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slight rheumatic activity in the knees and ankles, One year before admission her sight 
became blurred, the eyes felt perpetually sore, and xerostomia with recurrent superficial 
buccal ulcers developed. There was no parotid enlargement. Examination of the eyes 
showed an excess of mucus and the slit-lamp demonstrated a moderately well-developed 
filamentary keratitis, A sialogram was normal. Total 17-ketosteroids 1-2 mg./24 hrs. 

2°4 g. ACTH given over a period of one month ameliorated the joint symptoms but 
produced little improvement in either ocular or buccal symptoms. 


Case 5, married female, aged 59 yrs.—The initial disorder was rheumatoid arthritis which 
had persisted for 6 years with moderate activity; 5 years later she developed splenomegaly 
and leucopenia such as occurs in Felty’s syndrome, the relation of which with the condition 
under discussion has been treated by one of us elsewhere (Gurling, 1953). Some time 
later she noticed slight dryness of the mouth, superficial ulceration, and mild irritation of 
the eyes, The parotid glands had never swollen noticeably, but the tongue was dry and 
glazed, the response to pilocarpine reduced, and the left parotid gland slightly enlarged. 
The eyes appeared normal, but slip-lamp examination revealed definite signs of kerato- 
conjunctivitis sicca. A sialogram was normal. Total urinary 17-ketosteroids were 
1 mg./24 hrs. 

With 1 g. ACTH there was improvement in the arthritis but no significant benefit 
otherwise, ‘The white cell count rose no higher than 3,000 per c.cm. 


Case 6, married female, aged 47 years.—For 17 years she had been troubled by rheumatoid 
arthritis with long periods of remission, and 5 years before admission there had been 
generalized reactivity. The first parotid swelling developed 6 years before admission 
but subsided after a few weeks, xerostomia being noticed 2 years later. Subsequently 
she had persistent parotid swellings and acute staphylococcal abscesses on two occasions. 
Her eyes had also been “ gritty ” and the lids sticky for 4 years. When examined both 
parotid glands were swollen, the mouth dry, and the tongue furred. There were petechiae 
on the legs and feet. A left sialogram showed dilation of the main duct and the finer 
branches did not fill. The characteristic picture of kerato-conjunctivitis sicca was 


seen under the slit lamp. 

The arthritis and ocular symptoms were temporarily relieved by 1 g. ACTH, though 
no objective changes were noted, except that the parotid swellings became smaller. Later, 
3-2 g. cortisone given intramuscularly over a period of 3 months also controlled the 
parotid swellings to some degree but did not increase lacrimation or salivation. 


Treatment and Progress 
All six patients were given ACTH by intramuscular injection commencing 
with 25 mg. 6-hrly, reducing to 50 or 75 mg. a day in some cases, treatment being 
continued from 10 to 35 days. 
Five received a total dose of | g. and the sixth 2-4 g., whilst three were subsequently 
given cortisone in doses of up to 150 mg. a day to a total of 3-5 g. Artificial tears 
and saliva stimulating lozenges were discontinued during treatment. 


Effect on the Eyes,—All six patients complained of typical ocular symptoms for 
periods varying from 6 months to 4 years and the diagnosis of kerato-conjunctivitis 
sicca was confirmed by slit-lamp examination. -In two cases these symptoms were 
less prominent than other non-ocular manifestations of the syndrome. Schirmer’s 
test showed definite impairment of lacrimation in all except Case 5, in which the 
results were borderline, particularly for the left eye. 

It will be seen that no significant improvement could be detected (Table I). 
Five patients obtained transient symptomatic relief, but there was no obvious 
change to be seen macroscopically and re-examination under the slit lamp failed 
to show any difference. : 
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Effect on the Mouth and Salivary Glands.—Five of the six patients complained of 
dryness of the mouth of up to 3 years’ duration, often fluctuating in severity and 
in no case sufficient to cause serious dysphagia. The sixth patient had never pre- 
viously complained of xerostomia though her tongue was dry and the epithelium 
atrophic. 

The response to pilocarpine is shown in Table II. The volume of saliva was less 
than 10 ml. in three cases, between 10 and 20 ml: in two, and up to 25 ml. in the 
sixth, readings which may ‘be considered pathological in all but the last case. 
Treatment with ACTH and cortisone failed to bring about any greater improvement 
than might have occurred spontaneously, and in no case was the volume of saliva 
raised to normal. In Case 2 a result 17 days after treatment was double that ob- 
tained initially,.though the figure was still pathologically low. A variation of a 
few ml. in either direction was common and often bore no relation to treatment. 
Parotid swellings were present at the time of admission in five patients. In Case 1 
pus could be expressed from Stenson’s duct and in Case 6 there was an abscess due 
to Staph. aureus infection. A parotid biopsy was carried out in five of the six 
cases before treatment was started and characteristic lymphoid infiltration was seen 
ineach. Areas of apparently normal gland parenchyma were present in each case, 
and it is of interest that histological changes and parotid enlargement were least 
in Case 5, where the salivary gland function was almost normal. 

A considerable reduction in the size of the swellings was observed in Case 3, 
and a lesser response in Case 6, but in both the effect was temporary only. In Cases 
1, 2, and 5 swelling was minimal at the time of treatment and there was no appreci- 
able alteration. Those patients with atrophy and redness of the tongue also failed 
to show the improvement that might be expected if there were any local effect on 
the mucosa or submucosal glands irrespective of alterations in salivary flow. 


Effect on the Arthritis.—Rheumatoid arthritis had developed before the other 
symptoms in all four cases in which it was present. It was the usual type of atrophic 
arthritis, severe in Cases 3, 5, and 6, and mild in Case 4. Treatment with gold and 
physiotherapy had been given intermittently in all four. The two other patients, 
Cases 1 and 2, had no signs of arthritis, but both had suffered from variable joint 
pains of the type described as “ arthralgie fugaces ” by French physicians. The 
response to ACTH in the three cases with active arthritis was satisfactory, relief 
of pain and a clear improvement in range of movement being obtained. One 
patient had a severe relapse within a few days of stopping treatment and later 
failed to do well with cortisone. The patient with mild chronic arthritis (Case 4) was 
also partially relieved, and one of the two suffering only from_arthralgia and soft 
tissue pains (Case 1) also stated that her symptoms were relieved. 

The good effect of ACTH on the arthritic component of Sjégren’s syndrome was 
not related to the degree of improvement in buccal and ocular disturbances. 


Urinary 17-Ketosteroid Studies 


The results of the total 17-ketosteroid studies have been reported more fully 
elsewhere (Pond, 1954) and are here given briefly. All estimations gave 
figures between 1 and 3 mg. 24 hrs, the average of 2:4 mg. being below the 
lower limit of normal in women (for this laboratory—4 to 14 mg.). 
Fractionation failed to throw light on the reason for these low total values, 
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as each fraction was reduced in all patients, the @ fraction most particularly, 
whilst the 11-oxy-17-ketosteroids, breakdown products of the adrenal corti- 
coids, were within normal limits. One patient showed a relatively raised 
eticholanolone excretion, which other workers have suggested was character- 
istic of debilitating or malignant disease (Robinson and Goulden, 1949). 
The administration of ACTH resulted in a two- to six-fold increase in the 
total neutral 17-ketosteroid excretion in Cases 1,3, and4. This isin agreement 
with the findings in normal subjects of Forsham, Thorn, Prunty, and Hills 
(1948) and suggests potentially normal adrenal cortex function. It seems 
probable that the initially low figures reflect both the debilitating nature of 
the disease and the age of the patients rather than any fundamental endocrine 
abnormality. There was no obvious correlation between rise in 17-ketosteroid 
excretion and clinical improvement. 


Discussion 


In the six cases under review, treatment with ACTH led to no significant 
improvement in lacrimal or salivary gland function or to improvement in 
either kerato-conjunctivitis sicca or xerostomia. The repeated measurements 
of lacrimal and salivary gland secretions by means of Schirmer’s test and 
pilocarpine stimulation as well as slit-lamp examination failed to reveal any 
objective therapeutic response. The slight symptomatic amelioration noticed 
by some patients was of short duration, varied in nature in each individual, 
and was no greater than we have observed during the natural course of the 
disease. In two cases, however, there was a definite reduction in size of the 
parotid glands, indicating the presence of some influence onthe lymphoid 
infiltration which appears to cause swelling. This improvement was un- 
accompanied by any restoration of secretory function and is probably a non- 
specific ACTH effect. In all biopsy specimens some microscopically normal 
gland parenchyma was present, the amount of which was roughly in inverse 
proportion to the degree of parotid swelling and impairment of salivation, 
so that restoration of function appeared possible if in fact ACTH was of any 
use. In other cases not included in this study, more advanced histological 
changes were seen in the parotid gland tissue, amounting to complete de- 
struction of the acini with replacement by adipose and fibrous tissue through 
which ran dilated ducts. In such cases no improvement in function could be 
expected, but no such advanced cases were treated. 

All patients with arthritis or joint pains were relieved as in uncomplicated 
rheumatoid arthritis, suggesting that the arthritic lesions differ in aetiology 
from those in the parotid and lacrimal glands and other epithelial surfaces. 

The significant increase in urinary 17-ketosteroid excretion, and the gain 
in weight and eosinopenia seen in most patients demonstrated that the ACTH 
used in this trial provided adequate adrenocortical stimulation. All patients 
have since been followed up for at least one year, but in none has the course 
of the syndrome undergone any significant modification. Our observations 
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are in agreement with those of Cadman and Robertson (1952), who found 
that ACTH reduced the size of parotid swellings so long as treatment was 
continued, but had no effect on buccal or ocular symptoms. We did not, 
however, observe any reduction in splenomegaly in Case 4, such as was noted 
in one of their patients. Fitzgerald and others (1951) doubted the value of 
ACTH, but Frenkel and others (1951) thought that both lacrimation and 
salivation were considerably increased for one month after treatment, and 
Stephens (1950) also considered his case temporarily improved. 

Although ACTH and cortisone may be used in the treatment of the 
arthritic element with undoubted benefit, it seems to us that symptomatic 
treatment is more effective in the relief of other symptoms. Artificial tears 
or diathermy of the lacrimal puncta often relieve the ocular symptoms, and 
radiotherapy is of value in unsightly parotid swellings though all trace of 
function is destroyed. The 17-ketosteroid studies gave no evidence of 
basic endocrine abnormality in spite of low urinary values. 


Summary 


(1) Six cases of Sjdgren’s syndrome were treated with ACTH in amounts . 
of 1 to 2-4 g.; three also had cortisone. 


(2) In no case was there any appreciable increase in parotid or lacrimal 
secretions in spite of the presence of a proportion of normal acinar tissue 
in parotid biopsy specimens. 

(3) Arthritic symptoms improved as in uncomplicated arthritis. 


(4) From 17-ketosteroid excretion studies there was no clear evidence 
of an endocrine disorder in Sj6gren’s syndrome, and a rise in output following 
ACTH did not necessarily parallel clinical improvement. 


(5) Neither ACTH nor cortisone seemed to be of greater value than symp- | 
tomatic treatment. 


We are particularly grateful to Professor C. H. Gray for his advice and co-operation, to Mr. P. 
H. Somerville for carrying out the parotid biopsies, and to Dr. G. F. M. Hall for reporting on their 
histology. Mr. L. H. Savin and Mr. R. P. Crick kindly carried out the detailed ophthalmic 
examinations. 
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APPLIANCES 
DIAGNOSTIC CONTACT LENS* 


BY 


M. SARWAR 
Oxford 


THE direct examination of the various internal parts of the eye is complicated 
by its refractive system; e.g. the angle of the anterior chamber cannot be 
observed directly because of the high curvature and refractive power of the 
cornea. 

Méry (1704) knew that a direct view of the fundus might be obtained 
if the refractive system of the eye could be neutralized. In the 19th century, 
Helmholtz (1856) devised an indirect technique of observation resulting in 
the admirable instrument we now have in the modern ophthalmoscope. 
. There have been successful attempts at producing direct-vision ophthalmo- 
scopes, based on the principle of neutralization of the refractive system of the 
eye, but these instruments were never very popular. 

Koeppe (1919, 1920) reiterated the principle of this method of direct examin- 
ation. He used a contact lens of—60-0 D to neutralize the power of the eye 
and examined the fundus with theaid of a slit lampanda binocular microscope. 
By using a contact lens he eliminated the possibility of any distortion which 
would be caused by separation of the neutralizing lens from the eye. One 
practical difficulty he encountered was that the slit-lamp body interfered with 
_ the movement of the microscope. To overcome this Koeppe used a small 
mirror to deflect the beam from the slit lamp so that the latter could be well 
separated from the microscope. With this arrangement he was able to obtain 
fairly satisfactory views of the fundus. 

Goldmann (1941) found that the same technique could be used for viewing 
the angle of the anterior chamber. To neutralize the power of the cornea he 
used a —40-0 D contact lens, to which he gave the name of gonioscope. 
Instead of a mirror Goldmann used a small prism to deflect the slit-lamp beam. 

Hruby (1950) later invented the method of using a —60-0 D lens 
placed close to, but not in contact with, the eye. By careful adjustment 
of this lens he was able to combine the two functions of neutralizing the 
refractive system of the eye and deflecting the slit-lamp beam. 

After investigation of the various methods described above, I arrived at 
the following conclusions: 

(1) Gonioscopy.—The results of this examination, using Goldmann’s technique, 
are quite satisfactory once one acquires the manual dexterity necessary to manip- 
ulate the gonioscope, prism-bearing slit lamp, and binocular microscope. 





*Received for publication March 11, 1954, 
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(2) Fundus Examination.—This was carried out with Koeppe’s lens. The results 
were less satisfactory than those for gonioscopy, for these reasons: 

(a) For a detailed examination of the various parts of the fundus it is very difficult 
to control simultaneously the prism-bearing slit lamp, the binocular microscope, and the 
direction of the patients’ eye movements. 

(6) A binocular view is obtainable with only a few eyes. The angle subtended by the 
dilated pupil at the image of the fundus is usually less than the angle between the two optical 
axis of the microscope; the view in this case being, therefore, monocular (Figure). 





_ iris showin 
size Of pup 
Ei : 


Ficure.—Diagram to illustrate that the angle subtended 
by the optical axes of the microscope is larger than that 
subtended by the pupil at the retina. 











After these studies, it was decided to try to evolve a lens which would be 
more universal in application; the diagnostic contact lens described below 
seems to fulfil this condition. : 


Apparatus 

The lens is a contact lens, having a'dioptric power of approximately — 120-0 
D sph. To accommodate this very high power the lens is made with a concave 
outer surface. 

The image of the fundus produced by this lens is virtual, diminished, and erect. 
It is situated between the retina and the contact lens, at a ditance approximately 
9 mm. from the anterior corneal surface, i.e. 2 mm. behind the posterior surface 
of the crystalline lens. The angle subtended by the pupil at this distance is much 
greater than that between the two optical axes of the microscope; thus a true bi- 
nocular view is assured in every case. The same principle applies to the examination 
of the posterior vitreous. 

The examination of the angle of the anterior chamber and the periphery of the 
fundus is facilitated by the large base-out prismatic effect produced by the outer 
concave surface of the contact lens. The image in this case is displaced towards the 
apex of the prism, i.e. towards the centre of the lens, and is thus made easily visible. 


Method of Use 
In practice, for gonioscopy, the normal slit-lamp examination technique is 
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used. No additional prism or mirror is necessary to deflect the slit-lamp 
beam. 

For examination of the fundus the technique is rather different. The 
patient’s eye is first anaesthetized and the pupil dilated. After insertion 
of the lens the slit-lamp beam is directed on to the lens surface. When the 
red fundus reflex is seen, the beam is focussed on the retina. Then, by careful 
adjustment of the lamp and the direction of the patient’s eye, the area of 
retina to be examined is sought out. A detailed examination is then carried 
out with the aid of the binocular microscope. 


Through the courtesy of the National Research Development Corporation, Messrs. Theodore 
Hamblin Ltd., have agreed to produce this lens. 
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CORNEAL SUTURING FORCEPS* 


BY 


W. MARTIN WALKER 
Birmingham and Midland Eye Hospital 


DIFFICULTY has sometimes been experienced in suturing the cornea. 
When held with the usual types of corneal forceps, the cornea tends to fall 
away from the suture needle, and the sutures cannot be placed accurately. 
Because of these difficulties the forceps illustrated in Figs 1 and 2 were 


made to specification for me.f 
we 


Fic. 1.—Corneal forceps (full size). 


Fic. 2.—Enlarged view of points of forceps. x4. 


There is sufficient space between the two prongs of the forceps to allow a 
needle to be passed with ease between them. Consequently the part where the 
suture is to be inserted is firmly held and the suture can be placed accurately 
both in position and in depth. se 

These forceps have been used successfully in corneal grafting, in the suturing 
of lacerations of cornea and sclera, and in scleral resection. 

Not only are the sutures inserted more easily, but by virtue of the fact that 
the part to be sutured can be held gently away from the globe, sutures can be 
placed with less pressure upon intra-ocular structures and with less risk of 
injuring them. 

*Received for publication March 11, 1954. + By the Stearman Optical Co., Ltd. 
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A CORNEAL NEEDLE* 


BY 
P. JAMESON EVANS 
Birmingham 


For some years British ophthalmologists have had to import from abroad 
the most delicate corneal needles. Apart from the high cost involved it seems 
regrettable that this should be so, seeing that many of the finest surgical 
needles are made in Redditch, Worcestershire. 

I was therefore glad of the opportunity to draw the attention of one of 
the manufacturing firms to the situation. They gave their full and skilful 
co-operation and have now produced an excellent stainless steel needle, which 
I believe to be the equal of the best*produced by the Swiss firms, and costs 
about a quarter the price. . 


MID -SECTION 


CUTTING 
EDGES 





at 
ACTUAL 
SIZE 











The manufacturer’s specification is as follows: 
Special Square-Bodied Corneal Needle 


Length 8 mm. (measuring round the needle). 

Made from :014! wire: stainless steel. 

Shape—3/8 circle. 

Body—rectangular. 

Short point, triangular in section, with three very sharp cutting edges, that forming the apex 
being on the outside of the curve. 

The eye is well within the body of needle (no swell), the aperture being highly finished for 


easy threading. 





*Received for publication June 21, 1954. 


+The ertoating agents from whom these needles may be obtained are: Philip Harris Ltd., Surgical Instrument 
Makers, 144 Edmund Street, Birmingham, 3. 
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CASE NOTES 


CONGENITAL ABSENCE OF INFERIOR RECTUS 
AND EXTERNAL RECTUS MUSCLES* 


BY 


J. P. SPENCER WALKER 
Sussex Eye Hospital, Brighton, and Horsham Hospital 


THE absence of one of the extrinsic muscles of the eye is sufficiently rare to 
encourage me to report the following two cases. In the first, there was a 
complete absence of the inferior rectus and in the second, of the external 
rectus. Spaeth (1948) says that congenital absence of the obliques was 
reported by Harles (1880) and that absence of the superior and inferior recti 
is more common. Absence of the external rectus would appear to be rarer 
still. 
Case Reports 

Case 1, a man, aged 35, consulted me because his appearance was such that his life was 
miserable. There was gross hypertropia of the left eye, and he also had a convergent 
strabismus of about 40°. It was decided to deal with the hypertropia first. On August 6, 
1952, I recessed the left superior rectus, and as this had little or no effect I thought I 
should advance or resect the inferior rectys. At a second operation on August 13 I found 
that the-inferior rectus was completely absent. As there was such a marked esotropia, 
I decided that he could well afford to lose the lower third of the internal rectus, and therefore 
transplanted this portion, stitching it into the position of insertion of the absent inferior 
rectus. This operation was completely successful in bringing the left eye down level 
with the right, and it was obvious that a pleasing result could be obtained by further 
operation. This had to be postponed till the following May, when a recession of the remain- 
ing two-thirds of the internal rectus and a resection of the external rectus gave an excellent 
result. The patient is now a changed man and delighted with the improvement in his 
appearance. 

Case 2, a child, aged 1 year 11 months, had a marked esotropia of the right eye. She 
appeared to be unable to fix with it, and the angle of deviation was estimated to be about 
45°. No movement outwards beyond the mid-line was elicited with either eye. I decided 
that this was a case for early operation, and on September 30, 1953 I recessed both internal 
recti. The child was observed for a few weeks, and it became apparent that a further 
operation would be necessary. On December 15 I found that there was no movement of 
the right eye outwards beyond the mid-line, but the left eye moved fully outwards. At 
operation on December 16, there was a complete absence of the right external rectus, 
though the insertions of the two obliques could be clearly seen. 

It is obvious that something must be done to improve the child’s appearance. Possible 
treatment is to transplant the outer third of the superior and inferior recti to form a new 
external rectus, a procedure similar to that which is often carried out in palsy of the 
external rectus. I have found in these latter cases that the initial good result is often 
functionally disappointing after the lapse of time, presumably through fibrosis of the 
muscle tissue. 
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DISTURBANCE OF THE CHORIO-CAPILUEARIS AND 
RETINAL DEHISCENCE* 


BY 
I. C. MICHAELSON 


Haifa, Israel 


ATROPHY of the chorio-capillaris is frequently adduced to explain dehiscence 
of the periphery of the retina. The evidence may be clinical (based on the 
choroidal thinning frequently seen in the periphery of the fundus in such 
cases), and microscopic (based on the disappearance of the chorio-capillaris 
occasionally seen in the affected region). The clinical evidence has usually 
consisted of the absence or thinning of chorio-capillaris inferred from the 
ease with which the larger choroidal vessels can be seen against a white 
scleral background. In the case to be described it would appear that the 
actual diseased vessels of the chorio-capillaris could be observed. 


Case Report 


A male patient was first examined in September, 1950, when he complained of 
defective vision. His visual acuity then and since has been as follows: 


Right eye, +1D sph. +1 Dcyl. 180°=5/12 


_ Left eye, + 2 Dcyl. 180°=5/24 


Fic. 1.—Left eye in May, 1951. 


*Received for publication March 26, 1954. 
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No cause for the defective vision was found other than fine changes at both maculae. 
The visual field showed a central depression for colours but not for white. After 
several examinations, during which no fundal changes were noted other than the macular 
ones, the patient failed to attend for 6 months. On his return in May, 1951, the 
findings in the left eye showed the appearance seen in Fig. 1. In the neighbourhood 
of the 5 o’clock meridian there was a dehiscence of the retina and two small retinal 
holes. Numerous fine interlacing lines could be seen clearly in the dehiscence and hole 
areas and faintly for a little distance beyond the dehiscence edge. It was considered 
possible that these white lines represented sclerosed vessels of the chorio-capillaries. 
One could not, however, regard the possibility of thickened and degenerated Mueller’s 
fibres bordering the spaces of a retinal cystic degeneration and indicating incomplete 
dissolution of retinal substance. The patient was seen from time to time until May, 1953, 
when the appearance of the left fundus had somewhat changed. A portion of the 
dehiscence sketched in May, 1951, was then sketched again at a higher magnification 
(Fig. 2), to show that many of the white lines now displayed fine red central channels 
and that small aneurysms could be seen. The patient has been kept under observation 
since then without any further change being observed. The retinal detachment, the 
dehiscence and holes, and the sclerosed vessels have remained unchanged. The fundus 
of the right eye showed no further changes other than an indefinite choroidal disturbance 
in the periphery of the fundus in the 7 o’clock meridian. 





Fic. 2.—Same as Fig. 1, higher magnification. 


The sclerosed vessels would appear to be those of the chorio-capillaris as 
indicated by their general architecture and breadth of mesh. The intensity of 
the condition in the vicinity of the dehiscence and holes suggests that the 
vascular sclerosis may have had some part in producing the retinal disturbance. 


Summary 


A case is described which shows the association of retinal dehiscence 
and holes with sclerosis of the chorio-capillaris. 
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A PATRON SAINT FOR BRITISH OPHTHALMOLOGISTS* 


BY 


JAMES A. ROSS 
Bridge of Allan 


Foster (1952), in his scholarly article on “‘ The Legend and Shrine of Saint 
Triduana ”, ends with these words: 


If we accept the legend, it would appear, by analogy with that of Saint 
Lucia, that British ophthalmologists can claim a patron saint of their own. 


The Legend.—Foster tells the story, as found in the breviary of Aber- 
deen, of how Saint Triduana, who was born in Colosse of an illustrious 
family, landed in Scotland about A.D. 337. The beauty of her eyes attracted 
a princely but unwelcome suitor. To escape his attentions, she retired to a 
secret place, plucked out her eyes, and sent them to him impaled on a 
wooden pin. 

In the same breviary (Mackinlay, 1914) is to be found the legend of Saint 
Medana (variants Modwenna, Monenna, Medan, and Maiden). Also of 
an illustrious family, she was born in Ulster, and was remarkable for the 
beauty of her eyes. Pursued by a knight, she took refuge with her attendants 
on a rock off the Irish shore. Miraculously this became a boat and in it they 
crossed to Scotland, landing at the Rhinns of Galloway. Her suitor followed, 
but she took refuge in a tree, where in his presence she plucked out her eyes 
and cast them on the ground at his feet. A spring of water appeared and in 
that she washed the blood from her face. Thereafter it bore her name. 
The two legends are therefore essentially the same. 


The Chapels, Shrine, and Wells of St. Medana.—Under her invocation 
many chapels were erected. Those on the three great strongholds, the 
rocks of Edinburgh, Stirling, and Dumbarton have long since disappeared, 
but in Galloway where three chapels were built the ruins of one still 
exists at Kirkmaiden-in-Rhinns. Here was her shrine and three of the 
four wells known to ,bear her name; they are very fully described by 
Trotter and Maxwell (1886), who repeat the legend given above, tell of 
the finding of numerous votive offerings at the shrine, and describe the-annual 
pilgrimage in May for the healing of the sick at the three wells. The 
smallest of these is 18” wide and 18” deep, and with its water the eyes were 
bathed after the patient’s head had been dipped into the largest well and the 
lower part of his body and his legs into the second. “Saxon” (1878) wrote: 


The water of this well was carried to all parts of the country and sold for the cure 
of sore eyes. 





*Received for publication February 22, 1954. 
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These “‘ wells” had no spring to supply them, being filled by the sea at 
full tide. A sketch by Stirling Maxwell accompanies Trotter’s description; 
another is to be found in the official report of the Royal Commission 
on Ancient and Historical Monuments (1912). The date assigned by 
the archaeologists is the Sth century, so the chapel shares with monuments at 
Whithorn and the “ Lost Stone of Kirkmadrine ” the distinction of being 
one of the oldest Christian constructions in Scotland. 


The history of one other chapel remains to be told. Between Scone Palace 
and the Mercat Cross of the vanished royal city of Scone, and facing the 
site of the once great abbey, rises a gentle eminence, the Collis Credulitatis. 
Here laws were proclaimed and Kings crowned from 844 until 1651. On this 
“ Hill of Faith ” was erected a chapel dedicated to Saint Monenna. This was 
later replaced by the parish church of Scone which was rededicated to her. 
In a pew in this church,* Charles II took the coronation oath as King of 
Scots in 1651, 9 years before he was crowned at Westminster on the Stone 


of Scone. 


Thus Saint Medana, while sharing equally the legend with Saint Triduana 
(who was Scottish by adoption only), was born in Ireland and lived her life 
in Scotland. Her connection with England, if tenuous, is historic. 

Her cult must have been a strong one as the sites of her chapels show. To 
her ancient shrine, still to be seen, came the sick, and in one of her wells their 
eyes were bathed. The water from this well was sold as a cure for sore eyes. 

To Saint Medana therefore, British ophthalmologists may turn for their 
patron saint unless another more acceptable comes to light. 


I am indebted to Miss Watson of the Sandeman Library, Perth, for her valuable assistance. 
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CORRESPONDENCE 


OCULAR DISEASE DUE TO BRUCELLOSIS 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—I read with great interest the article by Dr. K. D. Foggitt in your 
issue of May, 1954, entitled ‘‘ Ocular Disease Due to Brucellosis ”, and I welcome 
this reminder of the ocular complications of brucella infection. 


A good deal of attention has been paid to this subject by Molinelli and his co- 
workers in Uruguay and also by Cremona in Argentina. Thus Molinelli and 
others (1947) found ocular signs in 41 ‘cases out of a total of 95 patients examined; 
in about half these cases the fundus alone was affected. Cremona (1951) examined 
160 patients for eye lesions and found them in 89 cases (55 per cent.), in 76 of which 
there was venous congestion of the fundus oculi, and in 33 allergic conjunctivitis. 
These cases were all found in the eastern part of Argentina and were therefore due 
to infection with Br. suis or Br. abortus. 


At the Johns Hopkins Hospital, Bryer, Schoenbach; Wood, and Long (1949) 
found a central retinal haemorrhage, not recent, in the region of the right fovea in 
a case about 93 days after onset. Romer (1949) reported a case in which ophthal- 
moscopic examination revealed a recent thrombosis of the central retinal vein. 


Grant and Stote (1953) reported a case in which death was due to rupture of the 
heart resulting from a Br. abortus endocarditis; the patient had complained of a 
sudden partial loss of vision in the right eye, which on examination proved to be 
due to pale patches below and to the nasal side of the disc with a complete central 
scotoma. Leys (1943) published eight Scottish cases of undulant fever, in one of 
which there was an ocular palsy. 

As regards my own experience, in a series of 1,134 cases, complete blindness 
of one eye due to a retinal haemorrhage occurred in one and partial blindness i in 
another; though these were the only serious eye conditions, transient visual dis- 
turbances (nystagmus, diplopia, difficulty in focusing, etc.) occurred in 68 cases, 
whilst there was conjunctivitis in three cases, eye-ache in seven cases, etc. 

As regards Dr. Foggitt’s general account of the disease, this is no place to discuss 
this in detail, but I should like to make one or two observations. I think that his 
statement that “‘ Brucellosis frequently occurs without serological, evidence ” isa 
considerable exaggeration, though this is impossible to prove. 

Of my first 983 cases (Dalrymple-Champneys, 1950a, b), the agglutination was 
negative in only one, though the infection was proved by blood culture. The result 
depends, of course, on what criteria of infection are accepted, and those adopted 
by some workers are, I feel, extremely shaky. 

With reference to Dr. Foggitt’s estimation of the value of the intradermal 
brucellin test, I think he rates the value of this test far to high. Without going into 
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the evidence, I would call his attention to the Second Report of the Joint FAO/ 
WHO Expert Committee on Brucellosis (1953), over which I had the honour to 
preside, in which it is stated: 

A positive intradermal test denotes a specific allergic condition of the individual 
and should be regarded as free from other diagnostic significance regardless of the 
antigen or technique employed; it certainly does prove the presence of an active 
infection. The chief value of the test is for epidemiological purposes. 


A much more serious statement in Foggitt’s paper is that: 


A healthy portion of liver obtained at biopsy will rule out with sufficient 
certainty the possibility of brucellosis. 


The truth of this statement could only be disproved by carrying out such biopsies 
on a large series of cases, but, though I would agree that the liver is often affected 
at least temporarily, it seems very doubtful whether such localization is at all 
constant. In the large series I have already quoted, enlargement of the liver was 
detected in only 62 cases. Therefore, in view of the definite though perhaps small 
risks of a liver biopsy, I feel that this method should be used with considerable 
caution and not resorted to whenever the diagnosis is in doubt following negative 
results in the more usual tests. 


Yours faithfully, 


W. DALRYMPLE-CHAMPNEYS. 
MINIistRY OF HEALTH, SAVILE Row, 


Lonpon, W.1 
June 22, 1954. 
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FACULTY OF OPHTHALMOLOGISTS STUDY Tours, 1954 


SCANDINAVIA 
Copenhagen.—The party was cordially received on May 24 by Professor Ehlers and 
his wife, and his Danish colleagues. Professor Ehlers showed us round the out-patients” 
department and laboratories of the Rigs hospital. This hospital receives cases for scien- 
tific research and post-graduate training, other cases being treated at the municipal 
hospitals; it also contains the only orthoptic clinic seen on the tour. At Tscherning’s 
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laboratory Dr. Curt Berger demonstrated his flicker fusion apparatus. A meeting of 
the Ophthalmological Society of Copenhagen was held at the . magnificent Domus 
Medica, and various interesting papers were read by our hosts and members of our party. 

We were shown round the Kommune Hospital by Dr. Erik Skeller and watched 
operations performed by Dr. Vogelius. At the neurosurgical department of the Militaaer 
Hospital, Tagenvej, Dr. Edward Busch, the neurosurgeon, showed some clinical cases and 
conducted us round the old hospital and the magnificent new building for in-patients 
and out-patients, now nearly complete, which is being built at the cost of half a million 
pounds. 

The writer visited the very comprehensive University Library, where he was shown round 
by Dr. G. L. Jensen, and the Bispebjerg Hospital, the most modern in Copenhagen, where 
out host was Dr. Godtfredsen. 


Stockholm.—We made our headquarters at Saltsjobaden, a few miles outside the city. 
Professor Karpe received us at the Karolinska Sjukhuset and showed us round. He 
and his assistants then read us papers. After lunch we visited the Karolinska Anatomy 
Institution and were given a demonstration of the electron microscopic pictures of the 
retina hy Dr. Sjostrand. The following day we were. shown round an enormous 
modern hospital, the Sodersjukhuset, by Docent Granstrom. In the afternoon we 
visited the Sabbatsberg Sjukhuset and heard papers by Docents Kugelberg and Huggert. 


Lund.—Here we were received by Professor Sven Larsen, who showed us round the 
very delightful hospital. We attended a meeting of the Ophthalmological Society of 
Southern Sweden at which Professor Larsen’s assistants read papers, and later enter- 
tained us in the University Club. 


Uppsala.—At the University city of Uppsala we attended lectures by Professors von Bahr, 
Barany, and Berg. The last-named is now Vice-Chancellor of the University, where he 
was formerly Professor of Ophthalmology. 

We were all charmed by the friendly hospitality of our hosts at each place we visited, 
and most impressed by their enthusiasm for research, and the architecture and organization 
of the magnificently equipped hospitals. The tour was a memorable one and would be 
well worth repeating at a later date. We should like to take this opportunity of thanking 
our hosts for all they did to make us welcome. 


JUGOSLAVIA 

The sobriquet of Barrie’s Hebridean island, ‘‘ The Island that Likes to be Visited ”’, 
might well be applied to Jugoslavia, for throughout the length and height of the country 
abounding hospitality and friendliness left us in no doubt as to our welcome. 


Zagreb.—At the capital of Croatia, we were met by Professor Pavisi¢ and his staff. 
In the wards were many cases of trachoma, in which buccal mucosa had been used in 
plastic operations; and many injuries and cases of tubercular periostitis. A dacryocysto- 
rhinostomy was done in which the essential feature was a large posterior nasal mucosa 
flap with no anterior flap. An evening reception was given by the Croatian Medical 
Society, where we were received by the President, Dr. Meixner, and the next day the 
sculptor Radaus gave a party for us in his hilltop studio. The streets, delightfully void 
of vehicles—there are only five thousand motor cars in the whole country—, were thronged 
on Easter Sunday with people wearing colourful national costume. 


Ljubliana.—At the capital of Slovenia, we were met at the airport by Professor JeSe and 
his colleagues. He did a long list of extractions and used a rubber tube with a nozzle 
to suck out retained lens matter. An interesting visit was made to the Blind School. 
The guerilla type of warfare in Jugoslavia has resulted in stores of explosives being left in 
unpredictable caches, to be found eventually by adventurous children, who often suffered 
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the loss of both eyes and both upper limbs. Plastic surgeons have combined with teachers 
of the blind in rehabilitation; and in one case the remains of the ulna and radius had been 
made to move separately to form a prehensile appendage, which could grip a pen and fasten 
a buckle. Another youth read aloud fluently by running his lower lip along a pageof 
Braille, and a war-blinded captain of Partisans was teaching mathematics to the senior 
class. The visit ended by a concert, vocal and instrumental, given by blind and maimed 
children—a touching performance. 

We were taken on excursions to the lake resort, Bled, and to the Postojna caves, where 
the wine and food of the country, and the ubiquitous slivovié, formed, as usual, prominent 
parts of the entertainment. 


Belgrade.—Here Professor Ne&Si¢, who is over 80, rules the ophthalmological cosmos. 
He demonstrated with relish the lifting from the ground of our two weightiest members 
by his giant magnet, the “‘ most gigantic ophthalmic magnet in the world ”, but we saw no 
commensurate i.o.f.bs. Trachoma affects 3 per cent. of the population in ' Serbia and the 
professor’s clinic is the centre of the Trachoma Survey, which covers the igen with 
diagnostic and treatment centres. 

On the night of our arrival, we were taken to a performance of Romeo and Juliet in 
Serbo-Croatian, which was an improvement, not on the English of Shakespeare, but on 
the acting at Stratford seen ten days earlier. The two-and-a-half-hour programme at a 
special meeting of the Serbian Ophthalmological Societies was filled by our own contri- 
butions, translated concurrently into Serbo-Croatian. We were entertained to dinner 
at an open-air restaurant overlooking the flooded Danubian plain; and the next day at 
a lunch at Avala where Mestrovic’s black marble war memorial, with his typical female 
statues representing the constituent states, crowns a conical hill. 


The British Ambassador invited us to the Embassy and the British Council aang 
was very helpful. 


Sarajevo.—Here we were the guests of the Bosnia-Hercegovian Ministry of Health. 
The versatile Professor Cavka, who takes neuro-surgery in his stride, performed frontal 
lobotomies and lobectomies and a combined cyclodialysis and cyclodiathermy all in one 
session. A new medical school with impressive layout and equipment is now in use, and 
a new Eye Clinic is being built. We were entertained at a banquet by the Faculty of Medi- 
cine; received by the Rector of the University; given a party by the British Consul; taken 
into the surrounding mountains; and shown the enshrined spot where the fatal shot 
was fired. 


The sub-aqueous state of the airfield at Dubrovnik caused us to motor through the 
Hercegovinian mountains to the Dalmatian coast in a cloudburst and two station wagons; 
thence by roads approximately vertical via Cetinje, a Ruritanian capital, we arrived at 
Titograd’s Grand Hotel. That evening a concert of Slavonic folk songs was given in the 
garden. 

On our return passage through Belgrade, we spent a morning at the Military Hospital, 
where Colonel Papo demonstrated an incredible series of jejunal oesophagoplasties, 
necessitated by tubercular broncho-oesophageal fistulae and caustic burns. 


Dr. Djordje Luki¢ of Belgrade, who by now will have met many of our English colleagues 
at the International Congress, gave us incalculable help in planning the trip. At the four 
ophthalmic centres we visited, the members of the party all contributed to the entertainment 
of our hosts by reading papers, showing films, and demonstrating operative technique, 
and a response by one of the party in Serbo-Croatian to a toast, may have added to the 
gaiety of nations. 





OBITUARY 


THOMAS WILFRED LETCHWORTH 


T. W. LetcHwortH, who was for many years consulting surgeon to the Royal Eye Hospital, 
died in London on July 22, 1954, soon after his eightieth birthday. Born at Brighton and 
educated privately at Emmanuel College, Cambridge, he studied medicine at St. Barthol- 
omew’s Hospital and qualified in 1898. He was admitted F.R.C.S. in 1909, having begun 
to specialize in ophthalmic surgery soon after his graduation. He held appointments at 
the Royal Westminster Ophthalmic Hospital, where he worked under Brewerton, and at the 
Central London Ophthalmic, and Royal Eye Hospitals. From 1919 he was a surgeon 
at the “* Royal Eye ”’; he retired on reaching the age limit in 1934, but with great humility 
and helpfulness he remained to act for some time as honorary clinical assistant. He con- 
tinued in consulting practice until three years ago, when he still kept on a small amount 
of work *‘ to keep his hand in’ 


L.H.S. ‘wiliee: To Letchworth a patient was never caine an “ interesting eye ”; he took 
a personal interest in all his: patients, and during his crowded sessions at the Royal Eye 
Hospital would ask them about other members of their families whom he remembered 
from previous visits. His appearance was striking, with a patriarchal white beard and 
eyes which twinkled benignly behind his glasses. This was combined with a complete 
lack of formality and an independent assessment of people on their merits, which sometimes 
proved disconcerting to the self-important. 

He had a deep interest in mathematical matters, and this precision of thought he carried 
into his ordinary life. He was fond of refractive work, which he could execute with un- 
rivalled accuracy at prodigious speed. He was a pioneer worker on muscle-balance, and 
invented a rotary prism of variable strength which he would demonstrate to admiring 
but not fully comprehending house-surgeons. He was interested in nystagmus, and it was 
characteristic that he trained himself to demonstrate voluntary nystagmus in an amazing 
fashion. As an operator he was unsurpassed in his day. He had a light and exquisite 
sense of touch which enabled him to succeed in the most delicate manipulations. Yet his 
good temper was such that he never lost patience when training a beginner. 

He was a great lover of chess, in which he achieved considerable distinction. Towards 
the end of his life he suffered a succession of tiresome and painful illnesses, which his devout 
Catholicism enabled him to bear with Christian fortitude. 


T.M.T. writes: Letchworth was a most unusual and delightful character; he was a keen 
sportsman and had the most delicate sense of humour, and nothing delighted him so much 
as a sly leg-pull successfully carried out. Those with whom he came in contact could not 
fail to be attracted by his kindliness, his unselfishness, and his wide knowledge, which 
embraced languages and mathematics as well as medicine. To crown his academic 
career, at the age of 73, and after two cataract operations, he wrote an original thesis 
for his M.D., and took his degree on the same day that his son took his M.A. at Cambridge. 
He was particularly proud of this distinction and was seen only a fortnight before his 
death wearing his gown at a public function at the Royal Eye Hospital, to the delight of his 
old colleagues. It is by them that Letchworth will be most missed: his fame as a teacher 
of ophthalmic surgery will be kept green by the number of operations popularized among 
them by his teaching, and still often performed by them. 

Letchworth was very happily married. His wife died two years ago, leaving two sons 
and a daughter. One of the greatest of pleasures of his life was that his eldest son rowed 
in the winning Cambridge crew in 1927 and 1928. Since his wife’s death he had been some- 
what less alert, though he died, as he had always wished, in a light harness. 














